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(54) Chimaeric adenoviruses 

(57) The present invention provides methods and 
vector systems for the generation of chimaeric recom- 
binant adenoviruses. These hybrid adenoviruses con- 
tain a genome that is derived from different adenovirus 
serotypes. In particular, novel hybrid adenoviruses are 
disclosed with improved properties for gene therapy 
purposes These properties include: a decreased sensi- 
tivity towards neutralizing antibodies, a modified host 
range, a change in the titer to which adenovirus can be 
grown, the ability to escape trapping in the liver upon in 
vivo systemic delivery, and absence or decreased infec- 
tion of antigen presenting cells (APC) of the immune 
system, such as macrophages or dendritic ceils. 
These chimaeric adenoviruses thus represent improved 
tools for gene therapy and vaccination since they over- 
come the limitations observed with the currently used 
serotype subgroup C adenoviruses. 
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Description 

[0001] The invention relates to the field of molecular genetics and medicine. In particular the present invention relates 
to the field of gene therapy, more In particular to gene therapy using viruses, especially adenoviruses. % 
5 [0002] In gene therapy, genetic Information is delivered to a host cell in order to either correct (supplement) a genetic , 
deficiency in said cell, or to inhibit an unwanted function in said ceR, or to eliminate said host cell. Of course the genetic 
information can also be intended to provide the host ceil with a wanted function, tor instance to supply a secreted pro- 
tein to treat other cells of the host, etc. 

[0003] Thus there are basically three different approaches in gene therapy, one directed towards compensating a defi- 
10 ciency present in a (mammalian) host; the second directed towards the removal or elimination of unwanted substances 
(organisms or cells) and the third towards providing a cell with a wanted function. 

(0004) For the purpose of gene therapy, adenoviruses have been proposed as suitable vehicles to deliver genes to 
the host Gere-transfer vectors derived from adenoviruses (so-called adenoviral vectors) have a number of features 
that make them particularly useful for gene transfer. 1) the biology of the adenoviruses is characterized in detail 2) the 

15 adenovirus is not associated with severe human pathology, 3) the virus is extremely efficient in introducing its DMA into 
the host ceil, 4) the virus can infect a wide variety of cette and has a broad host-ranae, 5) the virus can be produced at 
high virus titers in targe quantities, and 6) the virus can be rendered replication defective by deletion of the early-region 
1 (E1) of the viral genome (Brody et al. 1994). However, there are still drawbacks associated with the use of adenoviral 
vectors. Typically adenoviruses, especially the well investigated serotypes usually elicit an immune response by a host 

so into which they are introduced. Also, although the virus generally spoken has a wide Infection range, there is a problem 
in targeting certain cells and tissues. Also, the replication and other functions of the adenovirus are not always very well 
suited for the cells which are to be provided with the additional genetic material. 

(0005] The adenovirus genome is a linear double-stranded ONA molecule of approximately 38000 base pairs. The 
adenovirus ONA contains identical Inverted Terminal Repeats (ITR) of approximately 90-140 base pairs with the exact 

25 length depending on the serotype. The viral origins of replication are within the ITRs exactly at the genome ends 
Most adenoviral vectors currently used in gene therapy have a deletion in the E1 region, where novel genetic informa- 
tion can be introduced. The E1 deletion renders the recombinant virus replication defective (Levrero et al, 1991). It has 
been demonstrated extensively that recombinant adenovirus, in particular serotype 5 is suitable for efficient transfer of 
genes in Wvo to the liver, the airway epithelium and solid tumors in animal models and human xenografts in immunode- 

30 merit mice (Bout, 1998; Blaase ef a/., 1995). Thus, preferred methods for in vivo gene transfer Into target cells make 
use of adenoviral vectors as gene delivery vehicles 

(0006] At present six different subgroups of human adenoviruses have been proposed which in total encompasses 
51 distinct adenovirus serotypes (see table 1). Besides these human adenoviruses an extensive number of animal ade- 
noviruses have been identified (see Ishibashi et ai, 1983). 

35 [0007] A serotype is defined on the base of its immunological distinctiveness as determined by quantitative neutrali- 
zation with animal antisera (horse, rabbit). If neutralization shows a certain degree of cross-reaction between two 
viruses, distinctiveness of serotype is assumed if A) the hemagglutinins are unrelated, as shown by lack of cross-reac- 
tion on hemaggtutination-inhibition, or B) substantial biophysical/ biochemical differences In DNA exist (Francki et ai. 
1991). The nine serotypes identified last (42-51) were isolated for the first time from HIV- infected patients (Hierholzer 

40 et al 1988; Schnurr et al 1993; De Jong et al 1998). For reasons not wel understood, most of such immuno-compro- 

mised patients shed adenoviruses that were rarely or never isolated from immuno-competent individuals (Hierholzer et V 
al 1988. 1992: Khoo et al. 1995, De Jong et al. 19p8). 

[OOOft] Besides differences towards the sensitivi^ against neutralizing antibodies of different adenovirus serotypes, it 
has also been shown that adenoviruses in subgroup C such as Ad2, and Ad5 bind to different receptors as compared 
4s to adenoviruses from subgroup B such as Ad3 (Defer et al, 1990). Likewise, it was demonstrated that receptor specifi- 
city could be altered by exchanging the Ad3 with the Ad 5 knob protein, and vice versa (Krasnykh el al, 1996; Stevenson 
et al. 1995. 1997). The adenovirus serotype 5 is most widely used for gene therapy purposes. Similar to serotypes 2. 4 
and 7, serotype 5 has a natural affiliation towards lung epithelia and other respiratory tissues In contrast, it is known 
that, for instance, serotypes 40 and 41 have a natural affiliation towards the gastrointestinal tract. For a detailed over- 
so view of the disease association of the different adenovirus serotypes see table 2. The serotypes described above, differ 
in at least capsid proteins (pentorvbase, hexon), proteins responsible for cell binding (fiber protein), and proteins 
involved in adenovirus replication. 
* One of the major problems of adenovirus gene therapy is thus that none of the above described serotypes are ideally 
[ ]/ suitable for delivering additional genetic material to host ceils. Some have a somewhat limited host range, but have the 
Jtf benefit of being less immunogenic, some are the other way round. Some have a problem of being of a limited virulence, 
but have a broad host range and/or a reduced immunogenicity. To make things even more complicated this variation in 
the adenovirus serotypes is also very dependent on the host to be treated. Some hosts may already have encountered 
certain serotypes and thus mount a strong immune response lo said serotype or a related serotype. Persons skilled in 
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the art know that there are many other variations on this same theme. 

The present Invention now makes use of the fact that some adenoviruses have tower irnmunogenictty than othejs? 
which otters typicafly excel in one of the other requirements tor an efficient gene therapy regime, such as having a high, 
specificity for a certain group of host ceR* a good replication machinery in such host cells, a high rate of infection in • 

5 certain host cells, etc The invention thus provides chimaeric adenoviruses having the useful properties of at least two 
adenoviruses of different serotypes: ^Typically, more than two requirements from the above non-exhaustive list are 
required to obtain an adenovirus capable of efficiently transferring additional material to a host cell and therefore the 
invention provides adenovirus derived vectors which can be used as cassettes to insert different adenoviral genes from 
different adenoviral serotypes at the required sites for obtaining a vector capable of expressing a chimaeric adenovirus, 
io whereby of course also a gene of interest can be inserted at for instance the site of E1 of the original adenovirus from 
which the vector Is derived Jn this manner the chimaeric adenovirus to be produced can be adapted to the require* 
ments and needs of certain hosts in need of gene therapy for certain disorders. Qf course to enable this production a o 
packaging cefl will generally be needed in order to produce sufficient amount of safe chimaeric adenoviruses, -> 
[0009] Thus in one embodiment the invention provides a chimaeric adenovirus comprising at least a part of a fiber 

1 5 protein and/or a protein involved in replication of an adenovirus serotype providing the chimaeric virus with a desired 
host range and/or Improved replication properties and at feast a part of a penton or hexon protein from another less 
antigenic adenovirus serotype resulting in a less antigenic chimaeric adenovirus?Typically such a virus will be produced 
using a vector (typically a plasmid. a cosmtd or baculovirus system which vector is of course also part of the present 
invention. A preferred vector is a vector which can be used to make a chimaeric recombinant virus specifically adapted 

20 to the host to be treated and the disorder to be treated. Such a vector is another embodiment of the present invention. 
Thus the invention also provides a recombinant vector derived from an adenovirus comprising at least one tTR and a 
packaging signal, having an insertion site for a nudelc add sequence of interest and further having an Insertion site for 
functionally inserting a gene encoding a penton and/or a hexon protein of a first serotype of adenovirus and having an 
insertion site for a gene encoding a fiber protein of a second adenovirus of a different serotype, and/or an insertion site 

25 for a gene derived from a serotype having improved characteristics in the function carried out by that gene or its prod- 
uct Typically the invention provides cassettes which allow for the production of any desired chimaeric adenovirus, be it 
only derived from two serotypes or as many as needed to obtain the desired characteristics, whereby it is not always 
necessary that all characteristics are the best when seen as single properties. It may not even be necessary, for 
instance, to always alter penton and/or hexon together with another part of adenovirus genes. Sometimes the immuno- 

30 genlcfty needs not be altered together with other properties. However, ft is preferred to use penton and/or hexon genes 
from less immunogenic adenovirus serotypes. An important feature of the present invention is the means to produce 
the chimaeric virus. Typically, one does not want an adenovirus batch to be administered to the host ceil which contains 
replication competent adenovirus, although this is not always true. In general therefor it is desired to omit a number of 
genes (but at least one) from the adenoviral genome on the vector encoding the chimaeric virus and to supply these 

35 genes in the genome of the ceil in which the vector is brought to produce chimaeric adenovirus. Such a ceil is usually 
called a packaging ceil. The Invention thus also provides a packaging cell for producing a chimaeric adenovirus accord- 
ing to the invention, comprising in bans all elements necessary for adenovirus production not present on the adenoviral 
vector according to the Invention. TypteaHy vector and packaging ceU have to be adapted to one another in that they 
have all the necessary elements, but that they do not have overlapping elements which lead to replication competent 

40 virus by recombination. 

Thus the Invention also provides a kit of parts comprising a packaging cefl according to the invention and a recombinant 
vector according the invention whereby there is essentially no sequence overlap leading to recombination resulting in 
the production of replication competent adenovirus between said cefl and said vector. 

(n order to be able to precisely adapt the viral vector and provide the chimaeric virus with (he desired properties at win. 

45 it is preferred that a library of adenoviral genes is provided whereby the genes are located within restriction sites. Typi- 
cally it is preferred to have same kinds of genes of different serotypes within the same restriction sites and to have that 
same restriction site in the adenoviral vector used to produce the chimaeric virus. If an sites for different genes are 
unique then a system to pick and choose from has been made. One can cut a penton gene from the desired serotype 
from the library and insert it at the same site in the vector. One can then use a different restriction enzyme to cut a rep- 

so ficatbn gene from the bank of a different serotype using another restriction enzyme and insert that gene at the corre- 
sponding restriction site in the chimaeric vector. Thus it is to be preferred to have a vector according to the invention 
where the insertion sites are different and preferably unique restriction sites. Preferably this vector is combined with a 
library having the corresponding genes within the same restriction sites. Methods to use this library and the vector are 
within the skSi in the art and are part of the present invention. Typically such a method comprises a number of restriction 

55 and ligation steps and expression of the result in a packaging ceil. Also one can use a library from which the different 
desired adenoviral genes are obtained through homologous recombination or a combination of restriction and recom- 
bination. Thus the invention provides a method for producing a chimaeric adenovirus having a desired host range and 
diminished antigenicity, comprising providing a vector according to (he invention having the <iesite^ insertion sites, 
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inserting into said vector at least a functional part of a penton or hexon protein derived from an adenovirus serotype 
^TJXr^nLrdcity. inserting at least a functional part of a fiber protein derived from an adenovirus sero- 

T^^ddinJ^ai particles. Of course other combinations of other viral genes ong.nat.ng from 
dl^^emSpTs can also be inserted as diseased herein before. An immunogenic response to ader^rus that *p- 
S^clmThe Seduction of r*utraHzing antibodies by the host. TO, is typically a reason tor selecting a penton. 
hexon and/or fiber of a less taimunogenic serotype. ^r^Mn^^m. 
Course i, may not be necessary to make chimaer* adenoviruses ^^^^^"ZT^Z 
ivaes.it swell within the stdH of the art to produce chimaeric proteins, for Instance in the case of fiber proteins It Is very 
, X^«tSSe ttte base of one serotype and the shaft and the Knob j""""* 
becomes possible to have the parts of the protein responsible for assembly of viral particles onginate from «wsen> 

acting to the invention, wherein the hexon. P**^"^i32SI 
brent adenovirus serotypes. Besides generating chimaeric adenoviruses by swapping entire wild type hexon, penton. 
, ESS^ parts thereof, it is also wi*in the scope of the present invention to -^^^o" 
fiber Stein genes etc. carry*g mutations such as mutations, dotations. '"^ om j"tf^on S 
screed preferred characteristics such as temperature stability, assembly, anchoring. ^^ d ^^^^ 
mr^response etc. Again other chimaeric combinations can also be produced and are within the scope of the 

„ Th^avSTof a library of nucleic acids derived from different serotypes allows, among others, the generation of a 

° W ^Zeric adenoviruses. The invention therefore further provxles a library of chimaene — 
emboohnent the invention provides a library of chimaeric adenoviruses wherein said adenoviruses comprise chimaeric 
ST»S^S^protein. derived at least in part from at least two different adenovirus serotypes Prefer- 
ST^Sdto pmteinor parts thereof, from at least one representative adenovirus of each adenovirus eub- 

s ^Tr^resentad in sT(chimaeric) adenovirus library. Preferably. nuCefc add and/or ^protein ^^">J* 
derived fwnmcre than one representative of each adenovirus subgroup. Most preferably, arid library comprises 
icTanXprXn or a p£t*eZf. from essential* ev«y Known mpr esentirtiv, each ^us su^oup 
Nucleic acid and/or protein or parts thereof derived from more than one representative adenovirus from each adenovt- 
^subgroup in said (chimaeric) library is desired because a desirable property may not be a general property, asub- 

„ ™7Wa desirable property of a subgroup of adenovirus may be expressed in different amounts on hevartous 
nZbeVH. meTuJrolpXuTlng trial nirethan one representative of a subgroup Is represented in the library thus 

warrants the selection of the best expresaor of the desired property. . 

TyXJ. » «brary °> chimaeric adenoviruses or a part thereof is used in screening assays to detente propertto rrf 
sakl chimaeric adenoviruses. Any particular chimaeric adenovirus comprising particularly dearabto (tfoperttes can 

M ZZTZ*^^*^^ 1". ^ stance, the d^iopmerrt of an impmved 
veh^DesimNepropertiessaidch^^ 

Z Sdfldty. redu«d immunogenleity. Increased immunogenic** directed neutralization. re-d.reded h«^M»^ 
lonjmprld Infection efficiency, reduced toxidty. improved replication and/or improve* ' P^^^f 1 * 
altered tissueTstributlon upon in vivo administration. Comparison of properties of different ctumaenc ^ en « ru ^ an 
„ teadto the delineation of adenovirus elements involved In providing an adenovirus with said property Such knowledge 
40 can lhanbe used to further optimize nudeic acid delivery vehides. In one aspect the Invention provides a selection .of 

novlrus 5. preferably said (chimaeric) adenoviruses comprise at least part of a tissue trop.sm determining pari I tfa fiber 
ZZ« aTaoerZlrus of subgroup 8. ore derivative and/or analogue of saW fiber protein. The mventior, further pro- 

« vide* a selection of (chimaeric) adenoviruses with an improved capacity to transduce smooth musde cells compared 
to adenovirus 5. preferably said (chimaeric) adenoviruses comprise at least part of a tissue Iroplsm determrrang part of 
^adenovirus of subgroup B. or a derivative and/or analogue of said fiber protein. A dumaenc aden- 
SZtbL, of the invention may further be used to study adenovirus otology. Such a Sbrary Is for -^^ T 
suited to study differences in the biology of the various adenovirus serotypes. In one aspect the Invention provides a 

„ elln5S.irrK.eric) adenoviruses, capable of Iransdudng a CAR negative ceil. PreferaMy said CAR negate c* 
s almnton flukJ eel or a derivative thereof. Preferably said amnion fluid cell is a chorion villi cell or a denvative thereof. 
PrefeXsaWCAR negative ceB is a CAR negative hemopoietic ceil, such as but not limited toaneorthroxJ precursor 
<2 and/or a monocyte precursor cell and/or derivatives thereof. PreferaWy said (chima^)adenoviruses cabbie of 
transducing a CAR negative cell comprise at least an adenovirus receptor binding part of a fiber prolan from an aden- 

" ZoZtsS'Z^Jm provides a chimaeric adenovirus comprising a re-directed neutralization pattern compared 
to adenovirus 5. Re-directed neutralization is useful in a number of drcumstances. For instance, but not limited to, get- 
ting round pre-existing neutralizing antibodies in a patient administered with said chimaeric adenovirus. Preex.stlng 
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neutralizing antibodies would neutralize the adenovirus and thereby diminish the effective amount of virus adminis- 
tered. This effect is usually not desired in for instance gene therapy settings wherein a nudefc acid is to be deOvered to 
target celts. However, pre-existing neutralizing antibodies can for instance in other gene therapy applications be an 
advantage when the nucleic acid of interest delivered through said chimaeric adenovirus should not be delivered to 
5 cells throughout the body. Local delivery for instance by using a needle in a solid tissue combined with the presence of 
neutralizing antibodies in the blood that can neutralize leaking chimaeric adenovirus can in that case help to contain the 
transduction to a certain area. 

In another aspect the invention provides a chimaeric adenovirus comprising a re-directed hemagglutination pattern 
compared to adenovirus 5. Re-directed hemagglutination is useful in a number of circumstances. Hemagglutinated 
to material is preferentially taken up by macrophages and derivatives and/or precursors. Thus enhanced hemagglutina- 
tion of a chimaeric adenovirus is preferred in case where enhanced delivery of nucleic acid to said macrophages is 
desired. However. In general the target cell wW not be said macrophages thus in those cases a reduced hemagglutina- 
tion is desired. A chimaeric adenovirus re-directed in its hemagglutination is useful for many applications which the per- 
son skilled art can now think of and thus form an integral part of the present invention. 

13 

Detailed description. 

II [001 OJ It has been demonstrated In mice that upon In vivo systemic delivery of recombinant adenovirus serotype 5 

^ for gene therapy purposes approximately 99% of the virus Is trapped in (he liver (Herz et al, 1 993) . Therefore, alteration 

C 20 of the adenovirus serotype 5 host cell range to be able to target other organs in vivo is a major interest of the invention, 

particularly in combination with other alterations* in particular the immunogeracity. 

[001 1] The initial step for successful infection Is binding of adenovirus to its target ceil, a process mediated through 
fiber protein. The fiber protein has a trimeric structure (Stouten et at, 1992} with different lengths depending on the virus 
serotype (Stgnas et al 1985; KkJd et all 1993). Different serotypes have polypeptides with structurally similar N and C 
25 termini, but different middle stem regions. N-terminafly. the first 30 amino acids are involved in anchoring of the fiber to 
the penton base (Chroboczek et al, 1995), especially the conserved FNPVYP region in the tail (Amberg et at 1997). 
The C-terrrtinus, or knob, is responsible for initial interaction with the cellular adenovirus receptor. After this Initial bind- 
ing secondary binding between the capsid penton base and cell-surface integrins leads to internalization of viral parti- 
cles in coated pits and endocytosis (Morgan et al. 1969; Svensson et al, 1984; Varga et al. 1992; Greber et al. 1993; 
jo Wick ham et al. 1 994). Integrins are a^-heterodimers of which at least 14 ct-subunits and 8 0-subunlts have been iden- 
tified (Hynes et al, 1992). The array of integrins expressed in ceBs is complex and will vary between ceO types and cel- 
lular environment. Although the knob contains some conserved regions, between serotypes, knob proteins show a high 
degree of variability, indicating that different adenovirus receptors exist For instance, it has been demonstrated that 
adenoviruses of subgroup C (Ad2, Ad5) and adenoviruses of subgroup B (Ad3) bind to different receptors (Defner et aJ, 
35 1 990). The fiber protein also contains the type specific r-antigen, which together with the e-antigen of the hexon deter- 
mines the serotype specificity. The y-antigen is localized on the fiber and it is known that it consists of 17 amino acids 
(Eiz et al, 1997). The anthfiber antibodies of the host are therefore directed to the trimeric structure of the knob. The 
anti-fiber antibodies together with antibodies directed against the penton base and hexon proteins are responsible for 
the neutralization of adenovirus particles. First the anti-fiber antibodies uncoat the adenovirus particles after which the 
^ 40 penton base is accessible to the anrj-penton base antibodies (Gahery-Segard et al, 1996). Although this seems to be 

j^f a very effective way to neutralize adenovirus particles others have described that the antt-hexon antibodies are the most 

effective ones in neutralization of the particles (GaS et al, 1998). 

[0012] To obtain re-directed infection of recombinant adenovirus serotype 5, several approaches have been or still are 
under investigation. Wtckham et al has altered the RGD (Arg, Gly. Asp) motif in the penton base which is believed to be 

45 responsible for the ajfa and ovfe integrin binding to the penton base. They have replaced this RGD motif by another 
peptide motif which is specific for the receptor. In this way targeting the adenovirus to a specific target cell could 
be accomplished (Wickham et al. 1995, 1998). Krasnykh et al has made use of the HI loop available in the knob. This 
loop Is, based on X-ray crystallographies, located on the outside of the knob trimeric structure and therefore is thought 
not to contribute to the intramolecular interactions In the knob (Krasnykh et al. 1998). However, complete CAR inde- 

so pendent infection was not observed. 

[0013] It is an object of the present invention to provide a method and means by which adenoviruses can be con- 
structed with an altered immune response, or with the absence or decreased infection in antigen presenting cells such 
as dendritic cells or macrophages. It is a further object of the present invention to provide methods for the generation 
of chimaeric adenoviruses as described above which can be targeted to specific cell types in vitro as well as in vivo 

55 have an altered tropism for certain cell types, ft is a further object of (he present invention to provide a method and 
means by which such an adenovirus can be used as a protein or nucleic acid delivery vehicle to a specific cell type or 



The generation of chimaeric adenoviruses based on adenovirus serotype 5 with modified fate genes is described. For 
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this purpose, three piasmids. which together contain the complete adenovirus serotype 5 genome, were constructed. 
From these piasmids the DMA encoding the adenovirus serotype 5 penton-base protein, hexon protem, and fiber pro- 
tein were removed and replaced by linker DNA sequences which facilitate easy cloning. These piasmids subsequently 
served as template for the insertion of DNA encoding for penton-base protein, hexon protein, and fiber protein derived 

5 from different adenovirus, serotypes (human or animal). The DNAs derived from the different serotypes were obtained 
using the polymerase chain reaction technique in combination with (degenerate) oligonucleotides. At the former Et 
location in the genome of adenovirus serotype 5, any gene of interest can be cloned. A single transfection procedure 
of the three piasmids together resulted in the formation of a recombinant chimaeric adenovirus. This new technology of 
libraries consisting of chimaeric adenoviruses thus allows for a rapid screening for improved recombinant adenoviral 

10 vectors for in vitro and in vivo gene therapy purposes. 

Although successful introduction of changes in the adenovirus serotype 5 fiber and penton-base have been reported, 
the complex structure of knob and the limited knowledge of the precise amino acids interacting with CAR render such 
targeting approaches laborious and difficult To overcome the limitations described above we used pre-existing adeno- 
virus fibers, penton base proteins, and hexon proteins derived from other adenovirus serotypes. By generating chimao- 

15 ric adenovirus serotype 5 libraries containing structural proteins of alternative adenovirus serotypes, we have 
developed a technology which enables rapid screening for a recombinant adenoviral vector with preferred characteris- 
tics. 

[0014] in one aspect this invention describes the use of chimaeric adenoviruses to overcome, natural existing or 
induced, neutralizing host activity towards recombinant adenoviruses administered in vivo for therapeutic applications. 
20 The host immune response is predominantly directed against penton base • and hexon proteins present in the adeno- 
viral capsid and to a lesser extend directed to fiber. 

The adenovirus serotypes are defined by the inability to cross-react with neutralizing antibodies in animal sera. There- 
fore chimaeric viruses based on for example adenovirus serotype 5 but chimaeric for penton base protein, and/ or 
hexon protein provoke an altered, less severe immune response. The need for such chimaeric adenoviruses is stressed 
23 by observations that 1 ) repeated systemic delivery of recombinant adenovirus serotype 5 is unsuccessful due to forma- 
tion of high titers of neutralizing antibodies against the recombinant adenovirus serotype 5 (Schulick et al. 1997), and 
2) pre-existing or natural immunity. 

This aspect of the Invention therefore circumvents the inability to repeat the administration of an adenovirus for gene 
therapy purposes. Preferably, the penton base-, hexon-, and fiber proteins are derived from adenoviruses in subgroup 
so B and O and are mom specifically of the adenovirus serotype 16, 24, 33, 36. 38, 39, 42, and 50. This latter is because, 
these serotypes are rarely isolated from humans Indicating that low titers of circulating neutralizing antibodies are 
present against these serotypes. 

{001 5J In another aspect this invention describes chimaeric adenoviruses and methods to generate these viruses that 
have an altered tropism different from that of adenovirus serotype 5. For example, viruses based on adenovirus sero- 
3$ type 5 but displaying any adenovirus fiber existing in nature. This chimaeric adenovirus serotype 5 is able to infect cer- 
tain cell types more efficiently, or less efficiently In vitro and in vivo than the adenovirus serotype 5. Such cells include 
but are not limited to endothelial cells, smooth muscle cells, dendritic ceils, neuronal cells, glial cells, synovical cells, 
lung epithelial cells, hemopoietic stem cells, monocytic/macrophage cells etc. 

[001«1 In another aspect this invention describes methods which identify chimaeric adenoviruses that display 

40 improved in vitro amplification in static or suspension cell cultures. Adenoviruses derived from different subgroups, but 
also within one subgroup, display a high variability in productive infection in cell types that are used for production of 
recombinant adenovirus. Table 2 lists an overview of different adenovirus serotypes and their association with human 
disease, demonstrating that replication of a given adenovirus serotype is enhanced in certain cell types. For the pro- 
duction of recombinant adenoviruses for gene therapy purposes, several cell fines are avatfable. These include but do 

45 not Emit PER.C6, 911. 293, and El AS4& These adenovirus producer cells may not be the most suited cell types to 
amplify adenovirus serotype 5 based viruses. Therefore, in this aspect of the invention we select adenoviruses from dif- 
ferent serotypes based on their ability to propagate for example on PER.C6 and use their early genes (without E1) and 
ITRs to construct chimaeric viruses which are superior in terms of propagation and thus yield higher titers as compared 
to commonly used adenovirus serotype 2 or 5. 

50 (00171 In another aspect the invention describes the construction and use of libraries consisting of distinct parts of 
adenovirus serotype 5 in which one or more genes or sequences have been replaced with DNA derived from alternative 
human or animal serotypes. This set of constructs, in total encompassing the complete adenovirus genome, allows for 
the construction of unique chimaeric adenoviruses customized for a certain group of patients or even a single individual. 
[0018] In afl aspects of the invention the chimaeric adenoviruses may, or may not, contain deletions in the E1 region 

S3 and insertions of heterologous genes linked either or not to a promoter. Furthermore, chimaeric adenoviruses may, or 
may not, contain deletions in the E3 region and insertions of heterologous genes linked to a promoter. Furthermore, chi- 
maeric adenoviruses may, or may not. contain deletions in the E2 and/ or E4 region and insertions of heterologous 
genes linked to a promoter. In the latter case E2 and/ or E4 complementing cell fines are required to generated reconv 
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binant adenoviruses. 



Example 1 : Generation of adenovirus serotype 5 genomic plasmid donee 

5 [0019] The complete genome of adenovirus serotype 5 has been cloned into various ptesmids or cosmkJs to allow 
easy modification of parts of the adenovirus serotype 5 genome, while still retaining the capability to produce recom- 
binant virus. For this purpose the following ptasmids were generated: 

I flgr/Ad.Pam-rlTR (ECACC deposit P97Q821^ ) 

to 

[0020] In order to facilitate brunt end cloning of the ITR sequences, wtW-type human adenovirus type 5 (Ad5) DNA 
was treated with Klenow enzyme in the presence of excess dNTPs. After inactivation of the Wenow enzyme and purifi- 
cation by phenoi/chtoroform extraction followed by ethanoi precipitation, the DNA was digested with BamHI. This DNA 
preparation was used without further purification in a ligation reaction with pBr322 derived vector DNA prepared as foi- 
ls lows: pBr322 DNA was digested with EcoRV and BamHI, dephosphorytated by treatment with TSAP enzyme (Life 
Technologies) and purified on LMP agarose get (SeaPlaque GTG). After transformation into competent Ecoti DHSa 
(Life Techn.) and analysis of amptciline resistant colonies, one clone was selected that showed a digestion pattern as 
expected for an insert extending from the BamHI site in Ad5 to the right ITR. 

Sequence analysis of the donirtg border at the right ITR revealed that the most 3* G residue of the ITR was missing the 
20 remainder of the iTR was found to be correct Said missing G residue is complemented by the other ITR during repft. 



3,p9r/Ad. 3?MTR (ECACC deposit P970821 

[0021] pBr/Ad.Bam-nTR was digested with BamHI and Sail. The vector fragment including the adenovirus Insert was 
isolated In LMP agarose (SeaPlaque GTG) and iigated to a 4.8 kb SaJJ-BamHI fragment obtained from wt Ad5 DNA and 
purified wfth the Genedean I! kit (Bio 101. Inc.). One done was chosen and the integrity of the Ad5 sequences was 
determined by restriction enzyme analysis. Clone pBr/Ad.SaMTR contains adeno type 5 sequences from the Sail site 
at bp 16746 up to and induding the rlTR (missing the most 3' G residue). 

3. oBr/Ad.Cla-Bam (ECACC deposit P370a2i ifl 



45 



so 



[0022] wt Adeno type 5 DNA was digested with Clal and BamHI, and the 20.6 kb fragment was isolated from gel by 
electrocution. P Br322 was digested with the same enzymes and purified from agarose gel by Genecfean Both frag- 
ments were Iigated and transformed into competent DHSa. The resulting clone pBr/Ad.Oa-Bam was analyzed by 
restriction enzyme digestion and shown to contain an insert with adenovirus sequences from bp 919 to 21586. 

4. pfir/Ad, Affff-Bam (ECACC deposit pQ7oa2i 14) 

[0023] Clone pBr/Ad.C!a~Bam was linearized with EcoRI (in pBr322) and partially digested with Aflil. After heat inac- 
uvation of Aflll for 20/ at 65°C the fragment ends were rifled in with Wenow enzyme. The DNA was then Iigated to a blunt 
double stranded oiigo tinker containing a Pad site (5^AATTGTCIIMriMCCGCTTAA^'). This linker was made by 
annealing the following two oligonucleotides: S-AATTGTCTTAATTAACCGC-3* and 5WUVTTGCGGTTAATTAAGAC-3' 
folfowed by blunting with Klenow enzyme. After precipitation of the Iigated ONA to change buffer, the ligations were' 
digested with an excess Pad enzyme to remove concatamers of the oliga The 22016 bp partial fragment containing 
Ad5 sequences from bp 3534 up to 21566 and the vector sequences, was isolated in LMP agarose (SeaPlaque GTG) 
refigated and transformed into competent DHSa. One done that was found to contain the Pad site and that had retained 
the large adeno fragment was selected and sequenced at the 5* end to verify correct insertion of the Pad linker in the 
(lost) Aflll site. 

5, gma3anuH3B2S& deposit ?mM)m and oBrfM Bam-rlTRfta tECAce pg70S2i2i) 

[0024] To allow insertion of a Pad site near the ITR of Ad5 in done pBr/Ad.BanwITR about 190 nudeotodes were 
removed between the Clal site in the P Br322 backbone and the start of the ITR sequences. This was done as follows* 
pflr/Ad.BanvrlTR was digested with Clal and treated with nuclease Bal31 for varying lengths of time (2\ 5'. 10/ and 15 1 ) 
The extent of nudeotide removal was foOowed by separate reactions on p8r322 DNA (also digested at the Clal site) 
using identical buffers and conditions. 8aJ31 enzyme was inactivated by incubation at 75°C for 10 minutes, the ONA 
was precipitated and resuspended in a smaller volume of TE buffer. To ensure blunt ends. ONAs were further treated 
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willi T4 ONA pdymerase in the presence of excess dNTPs. After digestion of the (control) p8r322 ONA with Sail sat- 
durS^M bp) was observed In the samples treated for 10" or 1 5. The 10" or IS treated pBr/MBarrv 
riSje^men «gafod to t^ above described btunted Pad linkers (See pBr/Ad MH^am). ^«o^ werepur,- 
M toMdpNrton, digested with excess Pact and separated from the linkers onanLMP agarose 9^re^.Uon. 
s KSa^me^cornpetant DH5a and colonies analyzed. Ten dones were selected that showed a dateton 
of approximately the desired length and these were further andyzed by T-track sequencing ^^^^ 
macia Biotech) Two clones were found with the Pad linker inserted just downstream of the riTR. After digestion with 
Pad, clone #2 has 28 bp and done #8 has 27 bp attached to the ITR 

t0 pWF/Ari Aflll-rtTR (FrrMT- d"™* P97Q82116) 

[0025] Cosmid vector pWE1 5 (Ctontech) was used to done larger Ad5 inserts. First, a linker containing aunique Pact 
Ltewwfcserted in the EcoRI sites of pWE15 creating pWE.pac To this end. the double stranded Pad digo as 
described for pBr/Ad.Aflll-BamHl was used but now with its EcoRI protruding ends. The following fragments were then 
tedated by dedro-dution from agarosegd: pWE.pac digested with Pad. pBr/Afill-Bam digested with Pad and BarnW 
and pBrfAd Bam-rlTRM digested with BamHI and Pad. These fragments were ligated together and packaged using 1 
ohace oackaging extracts (Stratagene) according to the manufacturer's protocd. After Infection into host bacteria, cot- 
P'atee and idyLd for presence of th. complete Insert. pWE/Ad.Afl.l^P- equina all ac^vi- 
rus type 5 sequences from bp 3534 (Aftll site) up to and mduding the right ITR (missing the most 3 G residue). 

pRrffVI UIfc3aK8.fl ' ECACC deposit P97082tl5i 

(00261 Adeno 5 wt DMA was treated with Ktenow enzyme in the presence d excess dNTPs and subsequently 
dtaested with Sail. Two of the resulting fragments, designated left ITR-8al(9.4) and Sal('8.7)-rtght ITR, respadtvery 
m LMP agarose (SeaZ-GTG). pBr322 ONA was digested**, EcoRV ardSd. »to freated with 
phosphatase (Ufa Technologies). The vector fragment was isdated using the Genedean ntad(» 101Jnc.)and 
ligated to the AOS Sail fragments. Orty .he ligation with the 9.4 kb fragment gave ironies wrlh an Insert ^ 
and sequencing of the cloning border a done was chosen that contained the fuU ITR sequence and extended to the Sett 
site at bp 9482. 

pHrr^ i.TR.s a iHft.n ffCACC deposit P97Q92118) 

100271 p8rfAd.llTR-Sd<9.4) Is digested with Sail and dephosphorylated (TSAP. Life Technologies). To i extend this 
Loneuptomethlrd Sail site in Ad5.lpftW.CWam was linearized with BamHI and partially digested 
» kb Sail fragment containing adenovirus sequences from 9462-16746 was Isolated in LMP agarose gd and ligated to 
the Sall-digeded pBr/Ad.llTR-Sal(9.4) vector fragment. 

pyvF/AdAflll-EcoRI 

40 [00281 pWE.pac was digested withClal and 5" pratruding ends were filled using Ktenowenzynw. The ONA was then , 
digested with Pad and Isolated from agarose gd. pWE/Aflll-rlTR was digested with EcoRI and after treatment with Kle- I. 
now enzyme digested with Pad. The large 24 kb fragment containing the adenoviral sequences was Isolated from aga- 
rose gd and Hgated to the Clal-digested and blunted pWE.pac vector using the Ligation Express"" kit from Oontedv 
After transformation of Ultracompetont XLIO-Gdd cells from Stratagene. dones were identified that contained the 

<5 expeded Insert. pWE/Aflll-EcoRI contains Ad5 sequences from bp 3534-27336. 

10029] The absence d sequence overiap between the recomdnant adenovirus and E1 sequences in the packaging 
so cell line Is essential tor safe. RCA-free generation and propagation of new recombinant viruses. The adapter plasmid 
pMLPI TK (figure 1) is an example of an adapter plasmid designed for use according to the invention m combination 
with the improved packaging celt lines d the invention. This plasmid was used as the starting material to make a new 
vector in which nucleic add molecules comprising specific promoter and gene sequences can be easily exchanged. 
100301 First a PCR fragment was generated from pZpdMo*PyF101(N-) template DNA (described m 
55 PCT/NL96/00195 with the following primers: LTR-1: ff-CTG TAC GTA CCA GTG CAC TGG CCT AGG CAT GGA AM 
ATA CAT AAC TG-3' and LTR-2: 5'-GCG GAT CCT TCG AAC CAT GOT AAG CTT GGT ACC GCT AGC GTT AAC CGG 
GCG ACT CAG TCA ATC G-3" Pwo ONA polymerase (Boehringer Mannhdm) was used according to manufacturers 
protocd with the fallowing temperature cycles: once 5' at 95'C; 3" at 55»C; and T d 72»C. and 30 cycles of V d 95«C, 
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V at SO°C, V at 72°C. followed by once 10" at 72°C. The PCR product was then digested with BamHI and ligated into 
pMUMO (Levrero etal.. 1991) vector digested with Pvufl and BamHI, thereby generating vector pLTRIO. This vector 
contains adenoviral sequences from bp 1 up to bp 454 followed by a promoter consisting of a part of the Mo-MuLV LTR 
having its wild- type enhancer sequences replaced by the enhancer from a mutant polyoma virus (PyF101). The pro- 
moter fragment was designated 1420. Next the coding region of the murine HSA gene was inserted. pLTRIO was 
digested with BstBI followed by Ktenow treatment and digestion with Ncol. The HSA gene was obtained by PCR ampli- 
fication on pUC 1 8-HSA (Kay ef a/., 1 990) using the following primers: HSA1 . 5'-GCG CCA CCA TGG GCA GAG CGA 
TGG TGG C-3 and HSA2, 5'-GTT AGA TCT AAG CTT GTC GAC ATC GAT CTA CTA ACA GTA GAG ATG TAG AA-3\ 
The 269 bp amplified fragment was subclone* in a shuttle vector using the Ncol and Bglll sites. Sequencing confirmed 
i incorporation of the correct coding sequence of the HSA gene, but with an extra TAG insertion directly following the TAG 
stop codon. The coding region of the HSA gene, including the TAG duplication was then excised as a Ncoi (sticky)-Sali 
(blunt) fragment and cloned into the 3.5 kb htol(sticky)/BstBI{blunt) fragment from pLTRIO. resulting in ptTR-HSA10. 
Rnafly, pLTR-HSA10 was digested wfth EcoRI and BamHI after which the fragment containing the left ITR, packaging 
signal, L420 promoter and HSA gene was inserted into vector pMLPl.TK digested with the same enzymes and thereby 
replacing the promoter and gene sequences. This resulted in the new adapter plasmid pAc7L420-HSA (figure. 2) that 
contains convenient recognition sites for various restriction enzymes around the promoter and gene sequences. SnaBi 
and Avril can be combined with Hpal, Nhel, Kpnl. HindW to exchange promoter sequences, while the latter sites can 
be combined with the Ctal or BamHI sites 3* from HSA coding region to replace genes in this construct 
Another adapter plasmid that was designed to aUow easy exchange of nucleic acid molecules was made by replacing 
the promoter, gene and poly A sequences in pAd/1420-HSA with the CMV promoter, a multiple cloning site, an intron 
and a pory-A signal For this purpose. pAd/U20-HSA was digested with Avril and Bglll followed by treatment with Kie- 
now to obtain blunt ends. The 5.1 kb fragment with pBr322 vector and adenoviral sequences was isolated and ligated 
to a blunt 1570 bp fragment from pcONAt/amp (Invltrogen) obtained by digestion with Hhal and Avril followed by treat- 
ment with T4 DMA polymerase. This adapter plasmid was named pCLIRLuc (figure. 3). 

Generation of recombinant adenoviruses 

[00311 To generate El deleted recombinant adenoviruses with the new plasmid-based system, the following con- 
structs are prepared: 

a) An adapter construct containing the expression cassette with the gene of interest linearized with a restriction 
enzyme that cuts at the 3* side of the overlapping adenoviral genome fragment, preferably not containing any 
pBr322 vector sequences, and 

b) A complementing adenoviral genome construct pWE/Ad.Aflll-rlTR digested with Pad. 

These two DIMA molecules are further purified by phenol/chloroform extraction and EtOH precipitation. Co-transfection 
of these plasmids into an adenovirus packaging cell line, preferably a cell line according to the Invention, generates 
recombinant replication deficient adenoviruses by a one-step homologous recombination between the adapter and the 
complementing construct (figure. 4). 

Alternatively, in stead of pWE/Ad . AfJIMTR other fragments can be used, e.g., pBr/Ad.Cla-Bam digested with EcoRI and 
BamHI or pBr/Ad.Aflll-BamHI digested with Pad and BamHI can be combined with pBr/Ad.SaWTR digested with Sail. 
In mis case, three plasmids are combined and two homologous recombinations are needed to obtain a recombinant 
adenovirus (figure. 5). it is to be understood that those skilled in the art may use other combinations of adapter and 
complementing plasmids without departing from the present invention. 

A general protocol as outSned below and meant as a non-limiting example of the present invention has been performed 
to produce several recombinant adenoviruses using various adapter plasmaJs and the Ad^lMTR fragment Adenovi- 
rus packaging cells (PERC6) were seeded in 25 cm 2 flasks and the next day when they were at ~80% conftuency, 
transected with a mixture of DNA and lipofectamine agent (Life Techn.) as described by the manufacturer. Routinely] 
40 ul lipofectamine. 4 ug adapter plasmid and 4 ug of the complementing adenovirus genome fragment Aflll- rlTR (or 
2 ug of all three plasmids for the double homologous recombination) are used. Under these conditions transient trans- 
action efficiencies of ~50% (48 hrs post transfectlon) are obtained as determined with control transfections using a 
pAd/CMV-LacZ adapter. Two days later, cells are passaged to ~80 cm 2 flasks and further cultured. Approximately five 
(for the single homologous recombination) to eleven days (for the double homologous recombination) later a cytopath- 
ogenic effect (CPE) is seen, indicating that functional adenovirus has formed. Cells and medium are harvested upon 
full CPE and recombinant virus is released by freeze-thawing. An extra amplification step in an 80 cm 2 flask is routinely 
performed to increase the yield since at the initial stage the titers are found to be variable despite the occurrence of fufl 
CPE. After amplification, viruses are harvested and plaque purified on PER.C6 cells. Individual plaques are tested for 
viruses with active transgenes. 
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(00321 Besides replacements in the El region His possible to delete or replace (part of) the Kfegtonln .the adeno- 
SSLaSS functions are not necessary tor the replication, packaging and infection of the (recombinant) vims. 
Z STo^ opSuntty to use e larger insert or to insert more man one gene without exceeding the maximum 
^SSSXSSii 105* of genome tatf* This can be done. ^522£^S!!K 
thep^AdBanwlTR clone by dgestton with Xbal and rellgation This removes JJ± 
2 alknown E3 coding regions. Another example is the precise replacement of the coding ^°'^^eE3 
Krion wrtha oolyllnxer aiding insertion of new sequences. This, 1) leaves all other coding regions intact and 2) obv,- 
ta^he^S Promoter since th, transgeno « dnv^n by the E3 promoter and P A sequences, leaving 

ESES from w, Ad5 contain,, the S part the ^^^S^SSZ 

sto of pBluescript (KS1 (Stratagene). Next, the Hindlll site in the polylinKer was removed by ^nw«h EcoRVand 
H^cH and subsequent r,,^ The resulting done pBS *»****°™ ^ ££a 'SKSSSSSS 
radon Primers 1 (5'-GGG TAT TAG GCC AA AGO CGC A-3") and 2 (5 -GAT CCC ATG GAA GCT TGG GTQ ™™ 
SToSTl *ed to amphfy a sequence from pBS-Eco-Eco/AdSDHIII ^^^^f^^C 
28V34 m^ Ad5 ON A. Primed (S-GAT CCC ATG GGG ATC CTT TAG TAA GTT ACA AAG CTA-3) 14 t£GTC 
«TT QTA GTT GGA CTG G-3") were used on the same ONA to amplify AdS sequences from 29217 to 29476. The two 

Z, Z Mun. ThVtragment was then ligeted ir*> the pBS.EcoEcrfadS AHlllvec^that 
eXt >»i Muni aaneratino oBS Eco-Eco/ad54HHI^gp19K To allow insertion of foreign genes into the Hindlll and 
SLfste^KSS S ^VBS.Eco^/adoAHl.l.gpl 9K to remove the BamH. site in the Bluest 
Se^rVsuftmgWid pBSScJco/adSAHIllAgpigKAXba., contains unique Hindlll and BamHI sitos corre- 
SSLtoi and 29218 (BamHI) in AdS. After introduction of a foreign gene into these srtee. 

Holland for example Muni. Using mis procedure, we have generated plasmids expressing HSV-TK. hIL-la. rat 1-3 
S£S „ 'JS ^ ^rtque Srf. ar*Nolf sites in the pBSEcotco/^HIIIAgpl* plasmid (wfthor wdhout 

15 ^ gl^teS are used to transfer the regton comprising the gone of interest into the ««f P^^™ 
2£m u£mTR yielding construct pBr/Ad.Banw1TRAgp19K (with or without Inserted gene of ^)Jb*con- 
3 Tused as described supra to produce recombinant adenoviruses, in the viral context expression of inserted 
oenas Is driven by the adenovirus E3 promoter. r,«w^..r» 

„ Recombinant viruses that are bom 61 and E3 deleted are generated by a double homologous recombination procedure 
as described above for El-replacement vectors using a plasrrwl-based system consisting of: 

a) an adapter plasmid for E 1 replacement according to the invention, wither without insertion of a first gene of Inter- 
est, 

is b) the pWE/Ad.Aflll-EcoRI fragment, and to . 
c) the pBr/Ad.Bam-rlTRAg P 19K plasmid with or without insertion of a second gene of interest. 

[0033] in addition to manipulation, in me E3 region, changes of (parts of) me E4 region can heaOTtetadeas«y 
fnpBr'Ad.Bam-riTR. Generation and propagation of such a virus, however, in some cases demands complementation 
40 in trans. 

Example 2: Generation of adenovirus sarotype 5 based viruses with chtroaerte fiber protelne 

[0034] The method described infra to generate recombinant adenoviruses by co-transfedkm of two. "™* e &£* 
45 doned adenoviral sequences. These cloned adenoviral sequences were subsequent* used *™™^rie«» 
^serotype 5 sequences in order to generate template donas which allow for me easy ™ 
seZences oerived from other adenovirus serotypes. As an example of these template clones, the construction of plas- 
mids enabling swapping of ONA encoding for fiber protein is given below. 

so fen eration of adP n m fj"* template clones lacking DNA encoding ffter , 

romsi The fiber coding sequence of adenovirus serotype 5 Is located between nucleotides 31042 and 32787. To 

removed from mis construct For mis purpose, P Br322 plasmid DNA was <«^^ N *'^t!f.^^I 
* were M using Kienow enzyme. This pBr322 plasmid was men related d^edwrth NM ^ 

Ecoff DHSo. The obtained pBr/aNdel plasmid was digested with Seal and Sail and the resulting 3198 ^ frag- 
ment was «gated to the 15349 bp Seal-Sail fragment derived from pEWAd.BamrlTR. resulting in plasmrf pBr/Ad.Banv 
rlTRaNdel which hence contained a unique Ndel site. Nexta PCRwas performed with oligonucleotides NY-up: 5-CGA 
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CAT ATQ TAG ATG CAT TAG TTT GTG TTA TGT TTC AAC GTG-3* 

And NY-down: 5'-GGA GAC CAC TGC CAT GTT-^figure 6). During amplification, both a Ndel (bold face) and a Nsil 
restriction site (underlined) were introduced to facilitate cloning of the amplified fiber DNAs. Amplification consisted of 
25 cycles of each 45 sec. at 94°C, 1 min. at 60°C, and 45 sec. at 72°C. The PCR reaction contained 25 pmot of oligo- 

5 nucleotides NY-up or NY-down, 2mM dNTP, PCR buffer with 1.5 mM MgClj, and 1 unit of Bongase heat stable polymer- 
ase (Gibco, The Netherlands). One-tenth of the PCR product was run on an agarose gel which demonstrated that the 
expected DNA fragment of ± 2200 bp was amplified. This PCR fragment was subsequently purified using Genectean 
kit system (Bio101 Inc.). Then, both the construct pBr/Ad.Bam-rlTRANdel as wefl as the PCR product were digested 
with restriction enzymes Ndel and Sbfl. The PCR fragment was subsequently cloned using T4 ligase enzyme into the 

w Ndel and Sbfl digested pBr/Ad.BarrwITRANdel, generating pBr/Ad.BamRAFib This plasmid allows insertion of any 
PCR amplified fiber sequence through the unique Ndel and Nsil sites that are inserted in place of the removed fiber 
sequence. Viruses can be generated by a double homologous recombination in packaging cells described infra using 
an adapter plasmid, construct pBr/Ad.Aftll-EcoRI digested with Pad and EcoRI and a pBr/Ad.BamRAFIb construct in 
which heterologous fiber sequences have been inserted. To increase the efficiency of virus generation, the construct 

is pBr/Ad.BamRAFib was modified to generate a Pad site flanking the right ITR Hereto, pBr/Ad.BamRAFib was digested 
with Avrll and the 5 kb adeno fragment was isolated and introduced into the vector pBr/Ad.Ban>rlTR.pac#8 replacing 
the corresponding Avrll fragment The resulting construct was named pBr/Ad.BamRAFib.pac. Once a heterologous 
fiber sequence is introduced In pBr/Ad.BamRAFib.pac, the fiber modified right hand adenovirus done may be intro- 
duced into a targe cosmid done as described for pWE/Ad.Aflll-riTR in example 1. Such a large cosmtd done allows 

20 generation of adenovirus by only one homologous recombination making the process extremely effident 

Amplification of fiber sequence from ao^ng^rus. serotypes 

[0036] To enable amplification of the DNAs encoding fiber protein derived from alternative serotypes degenerate oil- 
23 gonuofeotides were synthesized. For this purpose, first known DNA sequences encoding fiber protein of alternative 
serotypes were aligned to identify conserved regions In both the tail-region as wefl as the knob-region of the fiber pro- 
tein. From the alignment, which contained the nucleotide sequence of 19 different serotypes representing all 6 sub- 
groups, (degenerate) digonudeotides were synthesized (see table 3). Also shown in table 3 is the combination of 
oligonucleotides used to amplify the ONA encoding fiber protein of a specific serotype. The amplification reaction (SO 
x ul) contained 2 mM dNTPs, 25 pmol of each digonudeotide, standard 1x PCR buffer, 1.5 mM MgC^, and 1 Unit Pwo 
heat stable polymerase (Boehringer) per reaction. The cyder program contained 20 cydes, each consisting of 30 sec. 
94°C, 60 sec. 60-64°C, and 120 sec. at 72*0. One-tenth of the PCR product was run on an agarose gel which demon- 
strated that a DNA fragment was amplified. Of each different template, two independent PCR reactions were performed 
after which the independent PCR fragments obtained were sequenced to determine the nudeotide sequence. From 1 1 
35 different serotypes, the nucleotide sequence could be compared to sequences present in GenBank. Of all other sero- 
types, the DNA encoding fiber protein was unknown tit) date and was therefore aligned with known sequences from 
other subgroup members to determine homology i.e. sequence divergence. Of the 51 human serotypes known to date, 
all fiber sequences, except for serotypes 1,6, and 26, have been amplified and sequenced. The protein sequences of 
the fiber from different adenovirus serotypes is given in figure 7. 

40 

Generation of fiber chimaeric adenoviral DNA constructs 

[0037] All amplified fiber DNAs as wen as the vector (pBr/Ad.BamRA Fib) were digested with Ndel and Nsil. The 
digested DNAs was subsequently run on a agarose gel after which the fragments were isolated from the get and puri- 

45 fied using the Genedean kit (Bio101 Inc). The PCR fragments were then doned into the Ndel and Nsil sites of 
p8r/AdBamRAFib. thus generating pBr/AdBamRFibXX (where XX stands for the serotype number of which the fiber 
DNA was isolated). So far the fiber sequence of serotypes 5/7/6/9/10/11/12/13/14/167 17/ 19/ 21/ 24/ 27/28/29/ 
30/ 32/ 33/ 34/ 357 36/ 37/ 38/ 40-S/ 40-U 41-S/ 42/467 47/ 49/ 51 have been doned Wo pBr/AdBamRFibXX. From 
pBr/AdBamRFibXX(whereXXis5/8/9/10711/ 13/ 16/ 17/ 24/ 27/ 307 32/ 33/ 34/ 35/ 38/ 40-S/ 40-U 45/ 47/ 49/ 51) 

so an 6 kb Avrll fragment encompassing the fiber sequence was isolated via geleiectrophoresis and GeneClean. This Avrll 
Fragment was subsequently doned in plasmid pBr/Ad-Bam-nTRpac (see example 1 ) which was digested to completion 
wi&i Avrll and dephosphorylated as described previously, leading to the generation of the plasmid pBr/Ad.Bam- 
n"TR.pac.fibXX This plasmid was subsequently used to generate a cosmid done with a modified fiber using the con- 
structs pWEpac, pBr/Aflll-Bam and pBr/Ad.Bam-rlTR.pac.fibXX. This cosmid ctoning resulted in the formation of con- 

55 struct pWE/Ad.Aflll-rlTR/fibXX (where XX stands for the serotype number of which the fiber ONA was isolated). 
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Generation of pAdS/UM.HSA, pAUS/Cllp and pAdSrCllpsal 

[0036] pMLPl.TK was used to make a new vector in which nucleic add molecules comprising specfflc promoter and 

^ e^^^neSt p2H»^PyF10W template DNA (described * -™^5) vv*h 
F.rst. a PGR ^S™"*^ , TrTG TAC GTACCA GTG CAC TGG CCT AGG CAT GGA AAA ATA CAT AAC TG-3 
^2^GA^ OGT ACC OCT AGC GTT AAC CGG GCGACTCAG 

tSv 5c oE£ DNA polymerase (Boehringer Mannheim) was usad ^^^^^^ 

IfLlSSSr^t-W «Ptoced by the enhancer from a mutant pdyoma virus (PyF101). The promoter 
Sentta^es^ uTsequendng colmed correct amplication of the LTR fragment "°^^<* 
S r P wSmeot were rnLing so mat the Pvul. sit. was no. rested. N J^ e « '^"^7^ 
u*T««» L. inserted oLTRIO was digested with BstBI followed by Klenow treatment and digestion with Ncol. The 
u« Zl !^^^tw PCR ^iftcatonon pUC18-HSA (Kay at al.. 1990; S. Immunol 145. 1952-1 959) using the 
1'S^^TGG GCA GAG c£ TGG TGG CJ and HSA2. 5-GTT AGATCT AAG 
SSSre X! ^T Cm CTAACA GTA GAG ATG TAG AA-3". The 269 bp amplified fragment was subdonad in 

the HSA gene. butwith an extra TAG fcsertton directly foHowing the TAG ^^Tte ^^^^ 
gene. Including the TAG duplication was then excised as a Ncol(sUcky)-Salt(blunt) fragment and cloned into the 3.5 w> 
Nccl(stidty)/BstBl(Wunt) fragment from pLTRIO, resulting in pLTR-HSA10. .-humIm 
^r^m-HSAlO was dLsted with EcoRI and BamHI after which the fragment containing the left 'TR^ackaglng 

reotorfno the .promoter and gene sequences. This resulted in the new adapter plasmld pAd5/L420-HSA that contains 
^iTr^Z^l versus res^ enzymes around the promoter and gene 
cTbe cwnbirud with Hpal, Nhe). Kpnl. Hindlll to exchange promoter sequences, while the latter sites can be com- 
bined with the Clal or BamHI sites 3 from HSA coding region to replace germ ,n U«Mr^a 

Se^a^iJT^C 

w?tn wTnow to owl W*t ends. The 8.1 kb fragment wSh pBr322 vector and ad^ral ^™™^. a g£* 
Jed to a dun. 1570 bp Iregment from pcDNAVamp (InvHmgen) obtained * «?5£ 
hv treatment with T4 ONA potymerase. This adapter plasmid was named pAdS/Clip. To enable removal or vector 
JTJ ailment pAdSOp was par,*!* d^stod wlm EcoRJ ^^S^cS 
£<L An o«go of the sequence 5' TTAA6TCGAC-3' was annealed to itsetl resulting In a linker 
overhang. The linker was ngated to the parity digested ^ C ^ a ^rT^^C^ 
Inserted in the EcoRI site 23 bp upstream of the toft adenovirus ITR in pAdS/Olp resulting in pAdSCIipsal 

G^rmalifflLgtMdjCJlpiasZ nAdsciiniur gftdSCtelK and pAiSCJIaaaLLuc, 

.00401 The adapter plasmid pAdS/Clto.LacZ was generated as follows: The E.eol LacZ gene was^'i^omthe 
E2d i*p££& 95-202 213) by PCR with the primers ffGGGGTGGCCAGGGTACCTCTAGGCTTTTGCAA 
an^ffGGGG^GAT^ATAAACAAGTTCAGAATCC. The PCR reaction was P 6 ^ 1 ^ ^J^^^JfS f^^'^ 
suppliers protocol at the following amplification program: 5 minutes 94-C. 1 cycle; 45 seconds W«C and 30 i seconds 
KTC and 2 minutes 72*C. 5 cycles; 45 seconds 94-C and 30 seconds 65'C and 2 minutes 72-C. 25 cycles; 10 minutes 
n£ie£Sc and 30 Seconds 60'C and 2 minutes 72»C. 5 cydes. I cyde. The PCR produd was M"* 
Sested^h Kpnl and BamHI and the dgested DNA fragment was ligated ^^^^^^ 
rogen). giving rise to pcDNA3.n.sLacZ. Next, the plasmid pAdS/Clip was ^^^J^^™ 
tainina part of the 5' part CMV promoter and the adenoviral sequences was isolated. The plasmid peDNAS.rUsLaeZ was 
digZ^^d ^ Ihe fragment containing the 3'part of the CMV promoter and the lacZ 9^ 
siuently, the fragments were ligated. giving rise to pAd/CltpUcZ. The reconstitute of the CMV promoter was con- 

K TSS pAd^pluc was generated as M The ptosmk, pCMVLuc « 
digested with Hindlll and BamHI. The ONA fragment containing the luciferase gene was isolated. 
pAdS/Clip was digested with Hindlll and BamHI, and the large fragment was isdated. Next, the isolated ON* fragments 
were ligated giving rise to pAdS/Clip.Luc The adapter pClipsal.Luc was generated in the same way but using the 
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adapter pClipsal digested with Hill and BamHl as vector fragment Likewise, the TK containing Hill-BamHl fragment 
from pCMV.TK (EP 95*202 213) was inserted in pCfipsaJ to generate pAd5/Clip.TK. The presence of the Safl site just 
upstream of the left ITR enables liberation of vector sequences from the adeno insert. Removal of these vector 
sequences enhances frequency of vector generation during homologous recombination in PER.C6. 

5 

Generation of recorrftina.nt adenovirus ehimaejrc for titer protein 

{0042] To generate recombinant Ad 5 virus carrying the fiber of serotype 1 2 , 1 6, 28, 404. , 51, and 5, three constructs, 
pCLIPLuc, pWE/AdAflH-Eco and pBr/AdBamriTR.pac/fibXX (XX = 12, 16, 28, 40-1. 51, and 5) were transfected into 
10 adenovirus producer cells. To generate recombinant Ad 5 virus carrying the fiber of 577/8/9/ 10/ 11/ 12/ 13/ 14/ 16/ 17/ 
19/ 21/ 24/27/28/29/30/32/33/34/35/36/37/36/ 40-S/ 40-U 41-S/ 42/45/ 47/ 49/ 51 , two constructs pCtiR tuc and 
pVVE/Ad.Afltl-rlTR/FibXX were transacted into adenovirus producer ceils. 

For transfectfcn. 2 ug of pCUPluc, and 4 pg of both pVYE/AdAfllt-Eco and pBr/AdBamriTR.pac/fibXX (or in case of cos* 
mfds: 4 pg of pCLIPLuc pfus 4 ug of pWE/Ad.Afil 1-rlTR/FibXX) were diluted in serum free DM EM to 100 pi total volume. 

f5 To this DMA suspension 100 pi 1x diluted lipofectamine (Gibco) was added. After 30 minutes at room temperature the 
DNA-iipofectamine complex solution was added to 2-5 ml of serum-free DMEM which was subsequently added to a T25 
cm 2 tissue culture flask. This flask contained 2x10 6 PER.C6 ceils that were seeded 24-hours prior to transfection. Two 
hours later, the DNA4tpofectamine complex containing medium was diluted once by the addition of 2.4 ml DMEM sup- 
plemented with 20% fetal calf serum. Again 24 hours later the medium was replaced by fresh DMEM supplemented 

20 with 10% fetal calf serum. Cells were cultured for 6-6 days, subsequently harvested, and freeze/thawed 3 times. Cellu- 
lar debris was removed by centrifugation for 5 minutes at 3000 rpm room temperature. Of the supernatant (12.5 ml) 3- 
5 ml was used to infect again infect PER.C6 cells (T80 cm 2 tissue culture flasks). This re-infection results in full 
cytopathogente effect (CPE) after 5-6 days after which the adenovirus Is harvested as described above. With the gen- 
erated vims batch two assays were routinely performed. 1) 20 pi virus supernatant, diluted 10- fold by the addition of 

25 1980 pi DMEM was used to infect A549 ceils that were seeded 24-hours prior to infection at a concentration of 10 5 cells 
per well of 6-wefl plates. Forthy-efght hours later protein ly sates were prepared that were subsequently used to meas- 
ure marker gene expression (lucrferase activity). 2} 20 pi virus supernatant is used to determine the virus titer on human 
91 1 cells. For this purpose, 911 cells are seeded at a concentration of 4x10* cells per well In 98-wefl plates. Three to 
four hours after seeding, the medium was replaced by adenovirus supernatant (dilution range: 2 pi - 5 x 10* pi). The 

30 virus titers of the chimaerlc fiber adenovirus serotype 5 always exceeded 1 x 10 8 infectious units per mL 

Example 3: Production, purification, and titration of chimaerlc adenoviruses 

{0043] Of the supernatant obtained from transfected PER.C6 cells typically 10 ml was used to inoculate a 1 liter fer- 

35 mentor which contained 1 - 1.5 x 10 s cells/ ml PER.C6 that were specifically adapted to grow in suspension. Three days 
after inoculation, the cells were harvested and pelleted by centrifugating for 10 min at 1750 rpm at room temperature. 
The chimaerlc adenoviruses present in the pelleted cells were subsequently extracted and purified using the following 
downstream processing protocol. The pellet was dissolved in 50 ml 10 mM NaP0 4 ' and frozen at -20°C. After thawing 
at 37°C, 5.6 ml deoxycholate (5% w/v) was added after which the solution was homogenated. The solution was subse- 

40 quentry incubated for 15 minutes at 37°C to crack the ceils. After homogenizing the solution, 1875 pi (1 M) MgCfe' was 
added and 5 ml 100% glycerol- After the addition of 375 pi DNase (10 mg/ ml) the solution was incubated for 30 minutes 
at 37°C. Cell debris was removed by centrifugation at 1 860xg for 30 minutes at room temperature without the brake on. 
The supernatant was subsequently purified from proteins by loading on 10 ml of freon. Upon centrifugation for 1 5 min- 
utes at 2000 rpm without brake at room temperature three bands were visible of which the upper band represents the 

45 adenovirus. This band was isolated by pipetting after which it was loaded on a Tris/HCI ( 1 M) buffered caesium chloride 
btockgradient (range: 12 to 1.4 gr/ml). Upon centrifugation at 21000 rpm for 2.5 hours at 10*0 the vims was purified 
from remaining protein and cell debris since the virus, tn contrast to the other components, did not migrate into the 1.4 
grJ ml cesium chloride solution. The virus band was isolated after which a second purification using a Tris/ HCI (1M) 
buffered continues gradient of 1 .33 gr./ml of cesium chloride is performed. After virus loading on top of this gradient the 

so virus was centrifuged for 17 hours at 55000 rpm at 10°C Subsequently the virus band was isolated and after the addi- 
tion of 30 pf of sucrose (50 w/v) excess cesium chloride is removed by three rounds of dialysis, each round comprising 
of 1 hour. For dialysis the virus is transferred to dialysis slides (Stide-a-lizer. cut off 10000 kDa, Pierce, USA). The buff- 
ers used for dialysis are PBS which are supplemented with an increasing concentration of sucrose (round 1 to 3: 30 ml, 
60 ml. and 150 ml sucrose (50% wA/)/1.5 liter PBS, all supplemented with 7.5 ml 2% (w/v) CaMgCy. After dialysis, the 

55 virus is removed from the sttde-a-lizer after which it is aliquoted in portions of 25 and 100 pi upon which the virus is 
stored at -65*C. 

[0044] To determine the number of virusp articles per milliliter, 50 pi of the virus batch is run on an high performance 
liquid chromatograph columns (HPLC). The adenovirus is bound to the column (anion exchange) after which it & edited 
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using a NaCI gradkmt (ran 9 8 300-600 mM). By determining the area und* the 

can be calculated. To determine the number of infectious unite (IU) per ml present in a virus batch, ^ationaare per- 
on 911 Mils. For this purpose. 4x10* 911 cells are seeded per well of 96-weU plates m rowsB. 0. and F in a 
SaTiume of 100 J per weft Three hours after seeding the cells are attached to the plastc support after wtxch the 
S^ can be r^ed. To the cells a volume of 200 pi is added, in duplicate, contoinir* different dllutons « hjrua 
STlKsWto 2x10*). By screen*, for CPE the highest virus dilution whk* stiB riders CPE after 14 days 
E2eoTcontain at toast one infectious unit Using mis observation, together with the calculated amourrtof v,rus 
S preVeSrthese wells renders the number of infectious unite par ml of a given virus bat*. The production 
STl TZm particles per ml and IU per ml or those chlmaerlc adenoviruses that were produced so far. are shown 
in table 4. 

Example 4: Re-dlrecled Infection of chlmaerlc adenoviruses 

[0049 To demonstrate redirected infection in vitro of the adenoviruses chimaeric b. -fiber protein, a ^Ofh^nan 
Sta. * different origins was used. This pane, includes amongst others human ^ «Hs^p^fib^aste 
hemopoietic derived cell lines, primary smooth muscle cells, primary synoviocytes, and primary ceBs derived fmrnthe 
%S££m amniocy,* ano chorion. These eel, types ™^^J»£ J 85EI5K 
ruses which differ in the fiber protein. For this purpose target cells are seeded at a concentration of 10° ceSs per weft <* 
3 riatolnT irt Dulbecco's modified Eagle's medium (DMEM, Ufa Technotogies, The Netherlands) supplemented 
wTo?£ta.^ 

Aoorexlmately 2 hours after the addition of virus the medium containing the virus is discarded, cells are washed once 
SSsubZ^y 2 ml of fresh medium (no. containing virus) is added to each weH. Fortl^ ho*, <»»•' 
cafe are harttZTttstarf and pelleted by centrifugattng 5 minutes at 1500 rpm. Cells are subsequent lysadm 0,1 
NfyTlXTl^ Vriton.X-100. 16% Glycerol. 2 mM EOTA, 2 mM DTT. and 25 mM MgO, In Tris-ptosphate buffer pH 
T^teS 6» toS Protein conJrtratlon of the lysate is measured (Biorad. protein standard H). To determine 
mXgena express** (Urese activity) 20 p. of th, protein sampte .. S 
(Ludfarine. Promega. The Netherlands) and subsequently measured on aLumat LB 9507 aPPamtusfEG « ,0 MtaU. 
The Nethenands). The results of these infection experiments, given as the ^«^™J*^™^™ 
protein, are shown in Table 5. These results clearly demonstrate that alteration of the fiber protein results In alteration 
of the adenovirus serotype 5 host range. 

Example 5: Receptor usage of Fiber chlmaerlc adenoviruses 

[0046) To determine what cellular molecules are used by the fiber chimaeric adenoviruses the < »»™>*?«*« *■ 
LJ to be involved In adenovirus serotype 5 infection i.e. Coxsadde adenovirus recepto f^"^^^ 
integrlna (ovp3. ovpS) was measured. For this purpose. 1x10» target cells ware transferred to tubes (4 tubesperceH 
3 deigned foX cytometry Cells were washed once with P8SV 0.5% BSA after which the » 
cemnfugason for 5 minutes at 1750 rpm at room temperature. Subsequently ^ Ojdof a 100 times 
(Mab 1961 . Brunswick chemie. Amsterdam. The Netherlands), a 100 times diluted antbody <^5 (antfoody (Mab 1976, 
Bran*** chemie. Amsterdam. The Netherlands), or 2000 times diluted CAP. antibody (a lund gift of Or. B^eteoa 
Harvard Medical School, Boston, USA (Hsu et aQ) was added to the cell pallet after wh^<^ were, n^t^« 
30 minutes at 4«C in a dark environment. Altar this incubation, cells were washed twee wrth PBSA>.5% BSA and again 
pelleted by centrifugation for S minutes at 1750 rpm room temperature. To label the cells, f 0 ul of ra anbrnouse IgGI 
SedXhyco^ythrine (PE) was added to the cell pellet up«m which the cells ware again incub^ fbr 30 m^utes 
, 4»C in a dariSnment Finally the ceHs were washed tv.ee with PBS/0 5 %BSA and analy** « a^«*°* 
ater The results of these experiments are shown in tableO, Also, in table 8 the Infection efficiency of an adenovirus from 
suboroup A B C D. and F is incorporated. These data clearly show that infection of a subgroup C adenovirus corre- 
lates with expression of CAR. The data also demonstrate that the chimaeric adenoviruses carrying a fiber of an aden- 
ovirus of subgroup B. ft or F can infect cells that do not express measurable levels of the CAR protein thus being able 
to infect cells via different (CAR-fodependent) pathways. 

Example 6: Radiolabeling of adenovirus particles 

[00471 To enable tracking of infection of the wild type adenovirus serotypes, these viruses were labeled with radtoac 
l m „ witn n u0f escent probes prior to infection. Using fluorescent microscopy or by measunng radwadivrty. 

the efficiency of infection of different serotypes into particular cell types is determined. To demonstrate redirected mic- 
tion In vivo of adenovirus chimaeric for fiber protein. 1x10 s infectious particles were injected via the tail vein into CBA/ca 
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mice (2 mice for each chimaeric adenovirus). Detection of adenovirus infection into specific tissues is monitored on two 
different levels: 1 JBinding of chimaeric adenovirus is monitored by radioactive labeling the adenovirus (Eisenlohr et al, 
1987; Matfin et ai.. 1981; Richman et at, 1998). One hour after in vivo systemic delivery via the tail vein mice are sacri- 
freed after which preferred is investigated by measuring radioactivity in various organs c.q. tissues. 2) Successful infec- 
5 tion is monitored by adenovirus gene expression of the marker gene ie. iacZ or Jutiferase activity. Four days after 
administration mice are sacrificed after which organs and tissues are isolated. Samples included liver, spleen, gastroin- 
testinal trad, peripheral Wood, bone marrow, aorta, muscle etc Using this strategy, preferred binding of chimaeric ade- 
novirus towards tissues of interest can be investigated. Moreover, using this strategy, preferred infection of chimaeric 
adenovirus into specific ceils of particular organs can be determined. 
w 80 mCi I 123 (Cygne BV, The Netherlands) or 1 125 (Amersham) was activated by incubation for six minutes at RT In an 
lodogen pn>coated tube (Pierce) in 100 ul iodination buffer (25 mM Tris, pH8, 0.4 M Nad). The radiotabeling reaction 
was started by transferring the activated Iodide to an Eppendorf tube containing 1.5.10 10 adenovirus particles in 100 ul 
todinatfon buffer. The reaction was allowed to proceed for nine minutes at RT, after which incorporated label was sepa- 
rated from free label by gelffltration, using a Sephadex 25 column (P-10, Pharmacia). To this end, a P-10 column was 
15 pre-washed with 10 ml PBS buffer and subsequently loaded with the radiotabeling reaction, supplemented with two ml 
of iodmatton buffer. After discarding the first flow-through, the column was etuted with PBS buffer in 0.5 ml steps, and 
the different fractions were collected in separate tubes. Free label, which Is stowed down by the column, was concen- 
trated in fractions 10-16. Radiolabeled virus particles accumulated predominantly in fractions 4, 5 and 6, corresponding 
to a total eluted volume of 2-3 ml. The radioactivity of these virus-containing fractions was measured and expressed as 
20 counts per minute (cpm), resulting in up to 5.10 6 cpm per 1 0 to virus particles. 

Several control experiments were conducted to ensure the integrity of the virus particles after the various manipula- 
tions. For Instance, one reaction was included in which the virus particles underwent identical treatment but with the 
omission of radioactive Iodide. Eluted virus particles were subsequently used to Infect A549 ceils. The amount of 
infected cells was established by the expression of a visual marker gene such as LacZ. In addition, small aiiquots of 
25 those etuted fractions that represented radiolabeled adenovirus were used to infect A549 cells to test the expression of 
the transgene. which was taken as an indication for virus viability of the specific virus batch used. 
[C04€) The radiolabeled vims particles can subsequently be used for various in vitro and in vivo studies to determine 
the affinity for different ceil types or tor different organs. For in vitro studies, different cefl lines such as for instance 
HUVEC (human umbilical vein endothelial cells) or SMC (smooth muscle cells) are seeded in 24-well plates In the 
so appropriate culture medium, and infected with radiolabeled adenovirus particles at a multiplicity of infection of 10, 100 
and 1000. As a control, cells are incubated with a similar amount of free Iodide. Two hours after infection, cells are 
extensively washed with PBS buffer, and the remaining radioactivity measured. The amount of radioactivity that 
remains associated with the cells, corrected for the amount of radioactivity of the control ceils incubated with free label, 
is a direct measure for the amount of virus that is attached to or has penetrated the cells. 
35 [0049) For in vivo studies, the biooTstribution of adenoviruses that differ only in the origin of their fiber proteins was 
compared. To this end, rats were placed under general anesthetic and 0.1-2 MBq of radiolabeled adenovirus particles 
was intravenously (Iv) administered into the tail vein. As a control, one rat received a comparable dose of free Iodide 
only. The animals were subsequently placed onto a gamma scanner and scanned for 1 0 minutes, to localize the source 
of the gamma radiation and thus to determine the in vivo biodistributton of systemically introduced adenovirus. After one 
40 hour, animals were sacrificed and the major organs removed for weighing and for accurate quantification of radioactivity 
using a scintillation counter. The distribution of radioactivity in various organs aftewv is expressed as cpm per gram is- 
sue, and is shown In figure 8. 



Example 7: Infection of human primary cells from amniotic fluid. 

45 

[0050) In Table 5 (example 4) infection results are shown on both amniotic cells and chorions These cell types are 
isolated from the amniotic fluid and cultured ex vivo under standard conditions (Roest et al, 1996). Such ceils are ideal 
targets to use for prenatal diagnosis. For instance, in some cases (approximately 50-100 yearfy) prenatal diagnosis of 
muscular dystrophin is impossible using standard techniques such as reverse- transcribed PCR or ONA PGR because 

so the mutations in the dystrophin gene are unknown and the level of dystrophin produced in non-differentiated chorionvilO 
or amnionvfiJi cells Is very low. In these cases isolation and fast differentiation of predominantly ctorionviBi ceils is per- 
formed. These chorionviffi are subsequently infected with a retrovirus (Roest et at 1996) or an adenovirus carrying the 
MyoO cONA (Roest et al, 1999) which, upon transduction, triggers the chorionvfiy to differentiate into striated muscle 
cells within one week. After complete differentiation these cells can then be used for Western analysis, or immunohis- 

55 tochemistry to determine whether the dystrophin protein is expressed. To date, the infection efficiency of chcrionviiB 
cells has been disappointing with only 2-5% of cells transduced with a retrovirus (Roest et at. 1996). Using a serotype 
5 adenovirus to deliver the MyoO cONA to chorionviffi approximately W%-20% (Roest et al, 1999) of the cells can be 
transduced but onJy when using high muJtipfidty of infection (MOf) which results in undesired toxicity and thus cell 
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A . -rw*, r «„». j- Tahto 5 deartv demonstrate that the adenovirus serotype 5 to not an ideal candidate for tanduo- 
iTonSKZ. activity to measured (75 RLU/ pg P"**") at the highest MOI tested 
S^^SiS^^^ne^^cortirmed using tow cytometry for the presence of the Cox- 
(M ?, = ^2^n£ KarJinSnTUich demonstrates that the receptors tor adenovirus serotype S are 
sadde adenovrrus rapto j^^HTSw* the adenovirus serotype 5 based vector containing 3 fiber 
^t^TfilS «^ B^sXZhKS bom trarJTlhe chorionvitl w«h h*h efficiency 

^?£mufe oTuori protein >20.000 fold increased transgene expression as compared to adenoma serotype 
s ^Sr^ZbeuK^sducecelto present in me amniotic fluid to attowfastdWerentiation tor purposes 
L^ibeTa^^ng gene express.n during prenatal develop or to transfer ar* express nudac aod of 
interest to the amniotic fluid. 

Example 8: Generation of adenovlru. serotype $ baaed viruses wtth chlmaertc hexon protein. 

100511 The method described infra to generate recombinant adenoviruses by cr>trartf tection of two. or 
luoan ir»™«iwuBuiw™ » „„, ^o^irai «o™M.n«L«! ware subseouenlly used to remove specific aderv 
cioned adenovirus sequences. These cloned adenoviral sequences were suosequemiy »™ rf DNA 

ovlrm serotype 5 sequences in order to generate template clones which allow tor the easy ***** i * DNA 
s^r^sde^o from other adenovirus serotypes As an axampte of these temptate dones. me construction of ptas- 
mids enabling swapping of DNA encoding tor hexon protein rs given. 

a^ r*** of arten rw in w template eta M tefclo g PNA encoding tor honon 

■00521 Hexon coding sequences of adenovirus serotype 5 are located between nudeotides ^^V^J° 
5. e^ctanae ofhexon coding sequences from alternative adenovirus serotypes into the adenovirus j we- 
ZT^ZZ^^ZZ^Z. generated. This subclone, coded flMMMA was *^»*« 
S^dasmM Z322 vrtth EcoRI and EcoRV and inserting the 14 Kb Pmel-EcoRI fragment from pWE/Ad.AIHI-Eco. 

nBriAdEeo4>mel ASanDI The removed fragment contains unique Spel and Muni sites. From pBr/Ad.Eco- 

PCR emplified and linked together thereby generating unique restriction sites replacing ^J^g*^-** 
mesa PCR reactions tour d^rentollgonucl«xides were required: Ahex1-4hex4. f f^^T 6GT OCT GCC AAC 
SS^ta** CCO QATCCM^filGGAAAGCGGGCGC GCG^ihexJ S-CCG OATCSAJffI£AGAAG 
caa GCAACA TCA ACA AC-3' Ahex4: S 1 - GAG AAG GGC ATG GAG GOT G-3 (See figure 9). 
^^fl^r^ro*^ ± 1 lOObp Obtained with oSgonudeotldes ahexl and ahex2 was digested with BamHI and 
M nTSS STpSi" 7S bp obtain^ wUh oligonudeo.ides aherf and ^.^s^edwrth 
SSiand^SI These digested PCR fragments were subsequently Piffled from agarose gel and 'net^artBgaton 
teflon using T4 Bgaaa enzyme linked to pBr/Ad.Eco-Pme. ASanDI digested wHh Fart ^ m ^ 6 ^^L^e 
siruct was coded pBr/AAEeo-PmeAHexon. This construct was sequenced in part to confirm the correct nucleoUde 
sequence and the presenoe of unique restriction sites Muni and Spel. 

Amplication gf h«.nn seguenq flf ^ adenovirus serotype!! 

10053] To enable amplification of the DNAs encoding hexon protein derived from alternative W^ ^^' 8 
StncMkM were synthesized. For this purpose, first known DNA sequences encodmg for Man 9^"? 
native serotypes were aligned to identify conserved regions in both the N-terminus as well as the C-termlnus of the 
W^rTmeaC^ 

the 6 known subgroups, (degenerate) oligonucleotides were synthesized. These obgonudeoUdeswere cor^tA up 
Is GG AC^TGIt^AGATGGCY ACC CCH TCG ATG MTG- 31 and HEX-dOwn (5-CCA TCG ATG GTT ATG TKG TKG 
CGC The Tmpfifleatton reaction (50 p.) contained 2 mM dNTPs. 25 pmo. of each ol^eotid* 
stand arfi x PCR burtor 1 5 mM MgCI,. and 1 Unit Pwo heat stable polymerase (Boehringer) per reaction. The cyder 
pCm^Sd20^i e^^^ 

PCRwodudtfflarun onan agarose gel whi* demonstrated that a DNA fragment was amplified. Of each different tern- 
K %£^wLZ were pertormed after which the Independent PCR fragments obtained were 
Ceno!d to d^ermine me nudeodde sequa.ee. From 9 deferent serotype nudeotide seance ^ecom- 
Sd to sequences present in GenBank. Of all other serotypes, the nudeotide sequence 
ZSnoTso far. of each serotype, except tor serotypes 1. 8, 13. and 18. toe hexon sequence has been PCR ampli- 
fied. The protein sequence of the hexon of serotypes 34. 35. 38, and 41 is given « figure lfi. 
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Generation of Hexon chimaenc adenoviral DNA constrijcfr 

[0054] All amplified hexon DNAs as weB as the vector (pBr/Ad.Eco-PmeAHexon) were digested with Muni and Spel. 
The digested DNAs was subsequently run on a agarose gel after which ihe fragments were isolated from the gel and 

s purified using the Genectean kit (BtolOl Inc). The PCR fragments were then cloned into the Muni and Spel sites of 
pBr/Ad.Ecc^PmeAHfixon, thus generating pflr/Ad.Eco-PmeAHexXX (where XX stands for the serotype number of 
which the fiber DNA was isolated). So far the hexon sequence of serotypes 2, 3. 4, 5. 7, 9. 10. 11, 14, 15. 18, 19. 20, 
22. 23. 25, 26. 27. 28. 29. 30. 31, 32. 33, 34, 35. 36, 37. 38, 40. 41, 42, 43. 46, 47, 48. 49. 50. 51 have been Cloned into 
pBr/Ad.Eco-PTTH5AHexXX From pBr/Ad.Eco-PmeAHexXX (where XX is 20. 25, 26, 28. 30, 34, 35) a 9.6 kb AscJ frag- 

io ment encompassing the hexon sequence was isolated via geteiectrophoresis and an agarase protocol (Boehringer 
Mannheim, The Netherlands). This AscI fragment was subsequently cloned in cosmid pWE/Ad-AMIMTRsp (see exam- 
ple 1) which was digested to completion with AscI and depcsphorytated as described previously. This cosmid cloning 
resulted in the formation of construct pWE/Ad.AfflMTR/HexXX (where XX stands for the serotype number of which the 
hexon DNA was isolated) 

is 

Generation of recombinant adenovirus chimaeric for hexon protein 

(0055] To generate recombinant Ad 5 virus carrying the hexon of alternative serotypes two constructs, pCLIRLuc, 
pWE/Ad.Aflll-rlTR/HexXX were transfected into adenovirus producer ceDs, For transfectton, 4 ug of pCLIRLuc, and 4 

20 pg of pWE/Ad.AfllklTR/HexXX were diluted tn serum free DMEM to 1 00 pi total volume To this DNA suspension 100 
pi 2/3 x diluted lipofectamine (Gibco) was added. After 30 minutes at room temperature the DNA-lipofectamine complex 
solution was added to 2.5 ml of serum-free DMEM which was subsequently added to a T25 cm 2 tissue culture flask 
(cells washed with 5 ml serumfree medium prior to addition of DNA-iipofedamine complex). This flask contained 3 x 
1 0 6 PER.C6 ceBs that were seeded 24-hours prior to transfectton. Two hours later, the DNA-lipofectamine complex con- 

23 taining medum was diluted once by the addition of 2.5 ml DMEM supplemented with 20% fetal calf serum. Again 24 
hours later the medium was replaced by fresh DMEM supplemented with 10% fetal caff serum. Cells were cultured for 
6-8 days, subsequently harvested, and freeze/thawed. Cellular debris was removed by centrifugatfon for 5 minutes at 
3000 rpm room temperature. Of the supernatant (12.5 ml) 3-5 ml was used to again infect PER.C6 cells (T80 cm 2 tissue 
culture flasks). 

30 

Redirected neutralization towards hexon chimaeric adenosis 

[0056| To cemonstrate an altered immune response towards chimaenc adenoviruses, we first tested 75 sera derived 
from human patients (25 cancer patients. 50 rheumatoid arthritis patients) for toxicity on human 91 1 cells. For this pur- 
3s pose. 911 cells were seeded at a concentration of 3x10* cells per weO In 96-well microliter plates. Twenty-four hours 
later the medium of all wells, except for wefts A1-H1, A5-H5, and A9-H9, was replaced by 50 pi DMEM supplemented 
with 5% fetal calf serum. To wells A1. A2, 81. and B2, 50 pi patient serum 1 was added. Likewise. To wells CI. C2, D1. 
and D2. 50 pi of patient serum 2 was added etc Subsequently, 50 pi of weiis A2-H2 were transferred to A3-H3 after 
which 50 pJ of wells A3-H3 was transferred to A4-H4. Thus this test schedule resulted in a serum dilution of Ox, 2x, 4x 

40 and 8x for each patient serum. Identical treatment of wells A5-H5 through A8-H8, and A9-H9 through A12-H12 results 
in 1 2 sera tested per 96-well mterotlter plate. From 75 human patient sera tested in total, 25 sera with no apparent tox- 
icity on human 91 1 cells were subsequently tested for the presence of antibodies capable of neutralizing chimaenc ade- 
novirus mfectton. For this purpose, 96-well microliter plates were fitted with 50 pi DMEM supplemented with 5% fetal 
calf serum except for wells A1-H1 . To wells A1. A2. B1, and 02. 50 pi patient serum 1 was added. Uxewise. to wells CI. 

45 C2, D 1 , and 02. 50 pi patient serum 2 was added etc Subsequently, 50 pi of wells A2-H2 were transferred to wells A3- 
A4 after which 50 pi of A3-H3 was transferred to A4-H4 etc. until A12-H12 (dilution range: 0 - V 2048). From wells A1 2- 
H12. 50 pi was discarded. Next, 50 pi of virus was added after which the microliter plates were incubated for 1 hour at 
37°C. Upon the addition of 50 pi 91 1 cell-suspension (3x10* cells/ well) plates were incubated for 7-9 days after which 
neutralizing capacity was scored by the absence, presence, or severity of CPE. As controls during these experiments 

50 absence of serum, absence of virus, and absence of serum and virus were taken. Based on these experiments several 
chimaeric viruses are identified towards which Stile neutralizing antibodies are generated by humans. Similar experi- 
ments as described above are performed with wild type adenovirus serotypes from both human as weB as animals to 
screen for serotypes which are less prone to neutralization due to the host defense system. These experiments 
although simHar are developed in such a way that it allows high throughput screening of many samples at once. This 

55 assay is described below. 
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ft h ffli m rnifUnil t hr fcfi ^ tection <" Baflagaa m*vBY 'n human 

[0057] To enable screening of a large amount of human sera (or the presence of neutralizing antibodies against all 
adenovirus serotypes, an automated 96-wefls assay was developed. Human sera 
, STp^ o^OO individuate was setected. steers (50% mate. »% M«>«> ^p^±^ 
20 and 60 years ok) with no restriction for race. All volunteers signed an informed consent form. People professionally 
involved in adenovirus research were excluded. _ 
Xfor 10 minutes. Approximately 30 ml serum was transferred to polypropylene tubes and stored frozen at -20X until 

10 KS ILm was thawed and heat^tlvated at 56«C for 10 minutes and then a{ ^f i to ^^ t 0 r fP eated ^ 
SS). Part was used to make five steps of twofold dilutions in medium (DMEM. Gibco BRL) m a^ntty 
enough to St approximately 70 9*weil plates. AT^uots of u^Med ^^j^J^^^ J 
plates (96-weil format) and using a programmed platemate dispensed in 100 uJ ailquots into W-weH plates. Thts way 

is the plates were loaded with eight different sera in duplo (100 pl/well) according to the scheme below: 



30 



45 



50 



55 
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31/8 


S1/16 


S1/32 


S5/2 


S5/4 


S5/8 


$5/18 


S5/32 
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SI/4 


SI/8 


S1/16 


S1/32 
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S6/4 
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S6/18 


S6/32 
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S2/8 


$2/16 


S2/32 
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S6/4 


$8/8 


56/16 


S8/32 
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S3/4 


S3/8 


S3/16 


$3/32 
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S7/32 
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S3/4 


S3/8 


S3/16 


S3/32 


S7/2 


S7/4 


S7/8 


S7/16 


$7/32 






S4/2 


S4/4 


S3/8 


$3/16 


$3/32 


$8/2 


S8/4 


$8/8 


S8/18 


$8/32 






S4/2 


1 S4/4 


$3/8 


J S3/16 


S3/32 


$8/2 


S8/4 


$8/8 


$8/16 


S8/32 







[00601 Where 81/2 to SB/2 m columns 1 and 8 represent 1* diluted sera and Sx/4. Sx/8. Sx/18 ^ Sx/Mmetwc*rtd 
serial dilutions. The last plates also contained tour wells filled with 100 pi fetal calf serum as a negative control. Plates 
were kept at -20°C until further use. 

Preparation of human adenovirus slocks 

[0061] Prototypes of an known human adenoviruses were inoculated on T25 flasks seeded with PER.C6 cells (Fallaux 
ef af 1998) and harvested upon fun CPE After freeze/thawing 1-2 ml of the crude fysates were used to wculate a T60 
flask with PER.C6 cells and virus was harvested at full CPE The time frame between inoculation ami occurrence of 
CPE as wen as the amount of virus needed to re-infect a new culture, differed * **** 

warn prepared by freeze/thaw^ and used to Inoculate M T175 cm* three^ayer flasks wrth P^^^^ ^ 
rence of CPE cell* were harvested by tapping the flask, pelleted and virus was isolated and P"'««» a Iwostep hCsQ 
gradient as follows. Cell pellets were disserved in 50 ml 10 mM NaP0 4 buffer (pH 7.2) and frozen at -20 C ^ 
at 37°C. 5.6 ml sodium deoxycholate (5% w/v) was added. The solution was mixed gently and incubated tor 5-15 
utes at 37«C to completely lyse the cells. After homogenizing the solution, 1875 pi 1M MgClj was added. After the ad*- 
lion of 375 pi DNase (10 mg/ml) the solution was Incubated for 30 minutes at 37"C. Cell debns was removed by 
centrtfUMtion at 1880xg for 30 minutes at RT without brake. The supernatant was subsequently punfied from proteins 
by extraction with freon (3x). The cleared supernatant was loaded on a 1M Tris/HCI buffered cesium chlorrie bloekgrs- 
dient (range 1 2/1 .4 gr/ml) and centrifuged at 21000 rpm for 2.5 hours at 10°C. The virus band is isolated after which 
a second purification using a 1M Tris/HCI buffered continues gradient of 1.33 gr/ml of cesium chloride was performed. 
The virus was then centrifuged for 17 hours at 85000 rpm at 10«C. The virus band is isolated and sucrose (50 % w/v) 
« added to a final concentration of 1 %. Excess cesium chloride is removed by dialysis (three times 1 hratmOmdialysis 
slides (SUde-a-lizer. cut off 10000 kOa, Pierce. USA) against 1.5 Itr PBS supplemented with CaClj (0.9 mM), MgCI 2 
(0 5mM) and an increasing concentration of sucrose (1,2, 5%). After dialysis, the virus is removed from the sl.de-a-l.zer 
after which it Is aliquoted in portions of 25 and 100 pi upon which the virus is stored at -8S"C. To determine Renumber 
of virus particles per milliliter. 50 pi of the virus batch is run on a high-pressure liquid chromatograph (HPLC) as 
described by Shabram et al (1997). Viruses were eluted using an NaCI gradient ranging from 0 to 600 mM. As depicted 
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in table i. the NaCI concentration by which the viruses were eluted differed significantly among serotypes. 

[0062] Most human adenoviruses replicated well on PER.C6 ceDs with a few exceptions. Adenovirus type 8 and 40 

were grown on 91 1-E4 cells (He etai, 1998). Purified stocks contained between 5x10 10 and 5x10 12 virus particles/ml 

(VP/ml) 

5 

Titration of purified human adenovirus stocks 

10063] Adenoviruses were titrated on PER.C6 cafe to determine the amount of virus necessary to obtain full CPE in 
five days, the length of the neutralization assay. Hereto, 100 ul medium was dispensed into each well of 96-wefl plates. 

io 25 ul of adenovirus stocks predicted 10 4 , 10?, 10 8 or 10 7 times were added to column 2 of a 96-weil plate and mixed 
by pipetting up and down 10 times. Then 25 pi was brought from column 2 to column 3 and again mixed. This was 
repeated until column 1 1 after which 25 ul from column 1 1 was discarded. This way serial dilutions in steps of 5 were 
obtained starting off from a prediluted stock. Then 3x1 0 4 PER.C6 ceDs were added in a 100 ul volume and the plates 
were incubated at 37 °C. 5% COj for five or six days. CPE was monitored microscopically. The method of Reed and 

is Muensch was used to calculate the cefl culture inhibiting dose 50% (CCID50). 

(0084] In parallel identical plates were set up that were analyzed using the MTT assay (Promega). In this assay living 
cells are quantified by cotorimetric staining. Hereto, 20 ul MTT (7,5 mgr/ml In PBS) was added to the wells and incu- 
bated at 37 °C, 5% CO2 for two hours. The supernatant was removed and 100 ul of a 20:1 isopropanol/triton-XlOO solu- 
tion was added to the wells. The plates were put on a 96- wells shaker tor 3-5 minutes to solubitise precipitated staining. 

20 Absorbance was measured at 540 nm and at 690 nm (background). By this assay wells with proceeding CPE or fu» 
CPE can be distinguished. 

Neutralization assay 

23 [0085] 98-well plates with diluted human serum samples were thawed at 37 °C. 5% CO* Adenovirus stocks diluted 
to 200 CCID50 per 50 ul were prepared and 50 ul altquots were added to columns 1-11 of the plates with serum Plates 
were incubated tor 1 hour at 37°C, 5% CO* Then 50 pi PER.C8 cells at toUpltri were dispensed in all wells and incu- 
bated for 1 day at 37 °C, 5% C0 2 . Supernatant was removed using fresh pipet tips for each row and 200 ul fresh 
medium was added to all wells to avoid toxic effects of the serum. Plates were incubated for another 4 days at 37 °C, 

30 5% COa- In addition, parallel control plates were set up tn dupto with diluted positive control sera generated in rabbits 
and specific for each serotype to be tested in rows A and B and with negative control serum (PCS) in rows C and D. 
Also, in each of the rows E-H a titration was performed as described above with steps of five times dilutions starting with 
200 CCID50 of each virus to be tested. On day 5 one of the control plates was analyzed microscopically and with the 
MTT assay. The experimental titer was calculated from the control titration plate observed microscopically. If CPE was 

35 found to be complete, i.e. the first dilution in the control titration experiment analyzed by MTT shows dear ceil death, all 
assay plates were processed. If not the assay was allowed to proceed for one or more days until full CPE was apparent 
after which all plates were processed. In most cases the assay was terminated at day 5. A serum sample is regarded 
to be non-neutralizing when at the highest serum concentration a maximum protection is seen of 40% compared to the 
controls without serum. 

40 

Example 9: Generation of Ad5 based viruses with chlmaeric pen ton proteins 

(0066] The method described infra to generate recombinant adenoviruses by co-transfectton of two. or more separate 
cloned adenovirus sequences. These cloned adenoviral sequences were subsequently used to remove specific aden- 
45 ovirus serotype 5 sequences in order to generate template clones which allow for the easy introduction of DNA 
sequences derived from other adenovirus serotypes. As an example of these template clones, the construction of plas- 
mids enabling swapping of DNA encoding for penton protein is given. 

Generation of adenovirus template clones lacking DNA encoding for oenton 

50 

[0067] First a shuttle vector for penton sequences was made by insertion of the 7.2 kb Nhel-EcoRV fragment from 
construct pWE/Ad.ArHI-EcoRI {described in example 1) into pBr322 digested with the same enzymes. The resulting 
vector was named pBtfXN. From this ptasmid Ad5 penton sequences were deleted and replaced by unique restriction 
sites that are then used to introduce new penton sequences from other serotypes. Hereto, the left hanking sequences 
55 of penton in pBr/XN were PCR amplified using the fallowing primers: DP5-F: 5'- CTG TTG CTG CTG CTA ATA GC-3* 
and OP5-R: 5*- CGC QQATCC TGT ACA ACT AAG GGG AAT ACA AG-3* 0P5-R has an BamHI site (underlined) for 
ligation to the right flanking sequence and also introduces a unique BsrGI site (bold face) at the 5*-end of the former 
Ad5 penton region. 
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20 



25 



tmNMS ^er than AdTwere PCR amplified such that the 5* and 3' ends contained the BsrGI and AflH sites respec 
^T^S^dlvZ heterologous penton sequences in pBrfAAApenton generates construe named 
o^Aditr^ereXK representethe number of the serotype corresponding to the 

% I£2E£ l£« ^sequence respect^. In **way ^{^^XS^ 
ruses enables flexible design of any adenovirus with any deared characteristic concerning efficiency ano speeracny ° 
infection of the target cell as well as Immunogenicity. 

AmpUfieatlon nf canton sequences from adenovirus Sgrotvpta 

[0068] To enab.. amplification of the DNAa encoding penton protein dertved ^^7^^^,^ ( 

^aaSSgLg^ere used. AH above * 
site at their ff-end and al reverse oligonucleotides contain an Affll restrWion site at the 5 -end- 
TheeroMficallon reaction (50 pi) contained 2 mM dNTPs, 25 pmd of each oligonudeot«le. standard IxPCR buffer. 1 .5 
The "V""""™ r r~_! polymerase (Boehringer) per reaction. The cycler program contained 20 cycles. 

aoarose eel which demonstrated that a DNA fragment was amplified. Of each different template, two naep enoero r vrt 
Ss'iCdo^ed after w«ch.heindependemPCRfra^ 
otide sequence. Of the 51 human serotypes 20 penton sequences have been amplified. 

rtftP flprtinn gj nflnton chlma er i c adenovira l PNA constructs 

roMSI AH amplified penton DNAa as wed as the vector (pBr/Ad.A penton) were digested with BsrGI and Aflll.The 

fi^r7«ino ih B Genedean kit «io1Q1 inc). The PCR fragments were then cJoned into the BsrGI and Aim sues o? 

DNA was isolated). So far the penton sequence of serotypes 2. 3. 5. 0, 7. It. 21. 26. 36. 39. 40. 41. 4Z '*';™'*"°"° 
SmTbTn cloned into pBr/ATpentonXX . From pBr/Ad.pentonXX an 5.1 Kb Fsel fragment encom^^thapenton 
MoZT^toMad via gelelect«phoresls and Genedean. This Fsel fragment was subsequently cloned in cosmid 

vkxisly. This cosmid cloning resulted in the formaUon of construct pWE/Ad AfllMTR/PentcnXX (where XX stands wr 
the serotype number of which the penton DNA was isolated). 

90 flonwation of re m mhinant adenovirus CtrlmaOltC fr pefflQh ProM O 

[0079] To generate recombinant Ad 5 virus carrying the Penton of alternative serotypes two constructs. pCURLuc 
and pWE/Ad.AfllMTR/PenXX were trarefected inlo adenovirus producer ceils. nucMMirm 
ft» i^afedion 4 uo of oCLIRLuc and 4 ug of pWE/Ad JMIII-rtTR/PentonXX) were diluted in serum free DM EM to 100 
» ZJSSSIm , <fi!£ta. ft p. 1x dituted ffrftM. (Gibco) was ^ " 

^InLZfiVha DNA-lioofectamine complex solution was added to 2.5 ml of serum-free DMEM which was subse- 
^S^J^^^Zm^. This flask contained 2x10* PER.C6 cells mat were seeded 24*h» 
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tton of 2.5 mi DMEM supplemented with 20% fetal caff serum. Again 24 hours later the medium was replaced by fresh 
DMEM supplemented with 10% fetal caff serum. Cells were cultured for 6-8 days, subsequently harvested, and 
freeze/thawed 3 times. Cellular debris was removed by centrifugation for 5 minutes at 3000 rpm room temperature. Of 
the supernatant (1Z5 ml) 3-5 ml was used to infect again infect PER.C6 cells (T80 cm 2 tissue culture flasks). This re- 
5 infection results in full cytopathogenic effect (CPE) after 5-6 days after which the adenovirus is harvested as described 
above. 

(0071 J The above described examples 1-9 encompasses the construction of recombinant adenoviral vectors, chimae- 
ric for either fiber protein or hexon protein which results in an altered infection host range or altered immune response 
towards adenoviral vectors. These chimaeric adenoviral vectors are generated for the purpose of gene transfer and 

io recombinant DNA vaccines, it must be stressed that in a manner analogous as described under example 1-9 chimaeric 
adenoviral vectors are constructed for pen ton and can be constructed for all other adenovirus proteins including but not 
limited to DNA encoding for smalt proteins required for adenovirus assembly and sequences required for adenovirus 
replication. Moreover, it must be emphasized that with this technology double, triple, quadruple, etc chimaeric adenovi- 
ral vectors can be constructed with the aim to combine parts of existing adenovirus serotypes to generate adenoviral 

is vectors with preferred characteristics for any given target cell or target disease. 

Legends to figures and tables 
[0072] 

20 

Table 1: Summary of the classification of known human adenovirus serotypes based upon the principle of hemag- 
glutination. 

Table 2: Association of human adenovirus serotypes with human disease. 

25 

Table 3: Oligonucleotides and degenerate oligonucleotides used for the amplification of DNA encoding for fiber pro- 
tein derived from alternative human adenovirus serotypes. BoJd letters In oligonucleotides A-E represent an Ndel 
restriction site. Bold letters in oligonucleotides 1-6 and 8 represent an Nsil restriction site. Bold letters in oligonu- 
cleotide 7 represent a Pad restriction site. 

30 

Table 4: Production results of fiber chimaeric adenoviruses. The number of virus particles per ml were determined 
using HPIC The number of infectious units (IU) per minister were determined through titration on human 91 1 cells. 
For infection experiments, the number of virus particles per milliliter is taken from aU chimaeric adenoviruses since 
lU/ml reflects a receptor mediated process. 

35 

Table 5: Transduction results of human ceil lines and primary cells. A549: Human lung carcinoma cell line (ATCC, 
CCL-1185). K562: Human erythrokJ leukemia (ATCC, CCL-243). SupT1: Human LymphoUast hybrid B and T 
(ATCC, CRL-1991). GM09503: Human primary fibroblasts. HEPG2: Human liver carcinoma (ATCC, HB8085). 
CEM: human rymphobJast ceils (ATCC, CRL-1 992). HeLa: Human cervix carcinoma (ATCC, CCL-2). Primary amnf* 
40 ocytes and chorionviffl ceils were obtained from department of antropogenefics, Leiden, The Netherlands. Primary 
Smooth muscle cells and synoviocytes were obtained from TNO-PG, Leiden, The Netherlands. Shown are the Kj es- 
terase activity (In relative light units (RLU) per ug protein) measurements of ceils infected at MOt 5000 virusparU- 
ctes per cell. 

45 Table 6: Expression of integrms afi3 and a$5 t the Coxsackie adenovirus receptor (CAR), and MHC class I on the 
membranes of target cells. In addition to the ceils described in table 5: HUVEC: human umbilical vein endothelial 
cells were obtained from TNO-PG, Leiden, The Netherlands. Shown is the percentage of ceJJs expressing either 
molecule on their membrane. The Ad5 based vector carrying a fiber of one representative of each subgroup and 
the efficiency of infection is shown on the right of the table. NO: not determined. 0% means undetectable expres- 

50 sfon of the molecule on the membrane of the ceil using flow cytometry. 100% means high expression of the mole- 
cule on the cell membrane. 

Figure 1: Schematic presentation of adapter plasmid pMLPl.TK. 

55 Figure 2: Schematic presentation of adapter plasmid pAd/1420-HSA. 

Figure 3: Schematic presentation of adapter plasmid pAdS/CLIP 
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Fl g Ure 4: Schematic presentation of a two plasm* system (or the generation of recombinant adenoviruses. 
Figure 5: Schematic presentation of a three plasmid system for the generation of recombinant adenoviruses. 

Figure 6 Schematic presentation of generation of plasmid pBr/AdBamROeKaFib in which part of the Adenovi- 
rus type 5 fiber ONA is replaced by a short DNA stretch containing a unique Nsll site. 

Figure 7: Fiber protein sequences of adenovirus serotypes 8, 9. 13. 14,20, 23, 24, 25. 27. 28. 29 , 30J « 33 , 
34 35 36 37 38 39 42, 43, 44. 45, 46, 47. 48. 49. and 51. Bold tetters represent part of thetailofadenovlnja 
serotype 5. If 'bold letters not present it means that a PCR fragment was sequenced which did not contain the 
Ad5 tail. An X, present in the sequence means unidentified amino acid due to unidentified nucleotide At the 
end of the sequence the stop codon of tha fiber is presented by a dot 

Figure 8: Comparison of the in wvq Distribution of I 123 labeled adenovirus serotype 5 and an adenovirus chi- 
maeric for fiber protein. Radiolabeled adenovirus (10" virus partides. 0.1-2 MBq) was intravenously adminis- 
tered into the tail vein. As a control, a similar amount of free label was infected into the control animal. Rats 
were sacrificed after one hour and organs calibrated. Radioactivity of the in the figure indicated organs was 
measured with a scintillation counter and is expressed as counts per minute per gram tissue. 

Figure 9: Schematic presentation of the generation of plasmid pBr/Ad.Ecc-PmeAHexoa Also 
sequence of the oligonucleotides delta hex 1-4 used to delete the ONA encoding for the hexon of adenovirus 
serotype 5 protein. 

Figure 10:Hexon protein sequences of adenovirus serotypes 34. 35. 36. and 41. An X, present in thesequence 
25 means unidentified amino acid due to unidentified nucleotide. At the end of the sequence the stop codon of the 

hexon is presented by a dot 
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Table 1 



Subgroup 


serotypes 


hemagglutination rhesus 


hemagglutination rat 


A 


12. 18. 31 






8 


3. 7. 11. 14.18.21, 34,35, 51 


+ 




C 


1,2.5.6 






0 


&.10. 13, 15. 17. 19. 20. 22-30 ,32. 33. 36-39. 42- 
47, 49. 50 




♦ 


E 


4 






F 


40. 41 







Table 2 



Syndrom 


Subgenus 


Serotype 


Respiratory illness 


A 


31 




8 


3,7,11. 14.21,34,35. 51 




C 


1. 2. 5. 6 




0 


39, 42-48 




E 


4 


Keratoconjunctivitis (eye) 


B 


11 




0 


8. 19, 37. 50 


Hemorrhagic cystitis (Kidney) 


8 


7.11.14, 16,21.34.35 


And urogenital tract infections 


C 


5 




0 


39. 42-48 


Sexual transmission 


C 


2 




0 


19. 37 


Gastroenteritis 


A 


31 




B 


3 




C 


1.2,5 




0 


28 




F 


40,41 


CNS disease 


A 


12,31 




8 


3.7 




C 


2. 5,6 




D 


32. 49 


Hepatitis 


A 


31 




C 


1.2,5 


Disseminated 


A 


31 




B 


3,7,11.21 
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Tabfe 2 (continued) 



Syndrom 


Subgenus 


Serotype 




D 


30, 43-47 


None {777) 


A 


18 




0 


9, 10. 13, 15 17, 20. 22-29, 33. 36, 38 



Table 3 



Serotype 


Tail oligonucleotide 


Knob oligonucleotide 


4 


A 


1 


8 


B 


2 


9 


B 


2 


12 


E 


3 


16 


C 


4 


19p 


B 


2 


28 


8 


2 


32 


B 


2 


36 


B 


2 


37 


B 


2 


40-1 


O 


5 


40-2 


O 


6 


41-9 


O 


5 


41-1 


D 


7 


49 


B 


2 


50 


B 


2 


51 


C 


8 



A: S'-CCC GTG TAT CCA TAT GAT GCA GAC AAC GAC 
CGACC-3 1 



B : S'-CCC GTC TAC CCA TAT GGC TAC GCG C 00-3* 
C: S'-CCK GTS TAC CCA TAT GAA GAT GAA AGC-3* 
O: 5 -CCC GTC TAC CCA TAT GAC ACC TYC TCA ACT C- 

3* 

E: 5'-CCC GTT TAC CCA TAT GAC CCA TTT GAC ACA 
TCA GAC-3* 

1: 5"-CCG ATG CAT TTA TTG TTG GGC TAT ATA GGA-3* 
2: S-CCG ATO CAT TYA TTC TTG GGC RAT ATA GGA-3* 
3: 5* -CCG ATG CAT TTA TTC TTG GGR AAT GTA WGA 
AAA GGA-3* 

4: S'-CCG ATG CAT TCA GTC ATC TTC TCT GAT ATA-3* 
5: S-CCQ ATG CAT TTA TTG TTC AGT TAT GTA GCA-3* 
6: 5*-GCC ATG CAT TTA TTG TTC TGT TAC ATA AGA-3* 
7: S'-CCG TTA ATT AAG CCC TTA TTG TTC TGT TAC ATA 
AGA-3* 

8: 5 -CCG ATG CAT TCA GTC ATC YTC TWT AAT ATA-3' 
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Table 4 



Adenovirus 


Virus particles/ ml 


Infectious units/ ml 


Ad5Fib5 


2.2 xlO 1 * 


6.8x10^ 


Ad5Fib12 


4.4x10'* 


1.9x10^ 


Ad5Bb16 


1.4 X10 1 * 


3.0 x 10 10 


Ad5Fib17 


9.3x10" 


9.5x10* 


Ad5Rb28 


5.4 x 10^ 


2.8 x 10^ 


Ad5Fib32 


2.0 x 10 13i 


1.1x10** 


Ad5Fib40-S 


3.2x10^ 


1.0x10'* 


Ad5Fib40-t 


2.0x10 1z 


6.4 x 10 11 


Ad5Fib49 


1.2x10^ 


4.3 x 10" 


Ad5Fib51 


5.1x10 vi 


1.0x10** 
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i! 



1 

fr* 



S3 3 



15 8 



iIlS S3 Si 



II II 



335 S 



t urn 



l \i\t\i 



3 m 



5 m 



£ I H 



31 



Claims 

1. A chimaeric adenovirus comprising at least a part of a fiber proton of an adenovirus serotype providing the chlmae- 
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ric virus with a desired host range and. at least a part of a pen ton or hex on protein from another less antigenic ade- 
novirus serotype resulting in a less antigenic chimaenc adenovirus. 

2. A recombinant vector derived from an adenovirus comprising at least one ITR and a packaging signal having an 
insertion site for a nucleic acid sequence of interest, and further having an insertion site for functionality inserting a 
gene encoding a penton and/or a hexon protein of a first serotype of adenovirus and having an insertion site for a 
gene encoding a fiber protein of a second adenovirus of a different serotype. 

3. A recombinant vector according to daim 2 which is a ptasmid. 

4. A packaging eel) for producing a chimaenc adenovirus according to daim 1 , comprising in trans afi elements nec- 
essary for adenovirus production not present on the adenoviral vector according to claim 2. 

5. A kit of parts comprising a packaging cell according to daim 4 and a recombinant vector according to daim 2 or 3, 
whereby there is essentially no overlap leading to recombination resulting in the production of replication compe- 
tent adenovirus between said cell and said vector. 

6. A vector according to daim 2 or 3 where the insertion sites are different and preferably unique restriction sites. 

7. A method for producing a chimaenc adenovirus having a desired host range and diminished antigenidty, compris- 
ing providing a vector accord ng to claim 2. inserting into said vector at least a functional pari or a penton or hexon 
protein derived from an adenovirus serotype having relatively low antigenicity, inserting at least a functional part of 
a fiber protein derived from an adenovirus serotype having the desired host range and transfecting said vector in a 
packaging cefl according to claim 4 and allowing for production of cNmaertc viral particles. 

8* A method according to claim 7, wherein said reduced antigenicity is a diminished capability to raise neutralizing 
antibodies. 

9. A chimaenc adenovirus according to daim 1, wherein the hexon, penton and/or fiber proteins are chimaenc pro- 
teins originating from different adenovirus serotypes. 

10. A nudeic add library comprising nucleic add derived from different adenovirus serotypes. 



EP0 978 566 A2 




30 



BP 0 978 566 A2 



Figure 2 
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Figjne7: 



NFPP 1 
GIAL 



^S^KT^^TC0^VQPOTIIIKF>fEEIDETCAYSrTFNPGWGKVYDNPFW3TrS 
FIXSYIAQE 

QTSATTLVTS 
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Figure 7 cont. 

TGILWTTFDPSPNCKlHBVKDSKLTLVtf 

AKNSFSIKlJJTJDNOKliEGSSlJDKDYWNFRSDDSIIPNQYDNAVPFMPhnJCAW 

KPSTVU>STDKNSNGK>rnVSNLYl^KAYQPV^ 

KTYDVPIPFDSSSFT 

1.6: Serotype 23 fiber protein 

QNim-TPPFVSSDGFQNFPPGVl^I^^ 

KWITCAPl^VAADKQl^IAIJUJPraVSKGR^ 

LVVLTGHGIOTENlXNNIX}SSROVaiNVRlXiKIXK31^roKKOT 

RTLWTTPDPSWCKVIEAKDSKLTLVLTKCGSQILANMSUJLKGTyEY^ 

KSFTnOJLFM>KGVIJdIX}SSU)ro^ 

NPTrSTTNPSTDi^NGIW 

GWSKVYNDP1PFDTSSLT 

1.7: Serotype 24 fiber protein 

SCSCPSAPTITMLIXJMKRARPSEDTIT^JPVYPYGYARNQMPFLTPPFVSSDGFQ 

NFPPGVLSUOj\DPIArn^GDVSlJCVGGGLTVEKDSGhnJCVOT 

EIAI^YPFEVSNGKLGIKAGHGlJCVIDiaAGl^LAGTLVVLTOKGIGTENLENS 

rXJSSRGVGINVia^KDGGLSroKKCnDLVAWNKHD^ 

ERDSKLTLVXTKCGSQIIjVNVSLLVVK^^ 

LMDSSTIJCXEYWhrVIttroNSTVSQAYDNAVPFM^ 

SAAKRYIVSNVYIGGlJ^ICTVVmKFNAETECAYSrn'EFTWA 

TFSYTAQE. 

1.8: Serotype 25 fiber protein 

SCSCPSAPTIFMLLQMKRAW^EDTFTVPVYPYGYAR^^ 

NHTOVl^LKLADPnTSNODVSLKVGGOLTVEQDSGI^WKAPLQVGTO 

ELALAPPe>fVKDWaJ5LLVGDGLK^ 

DrXiShnCGVGLCVRlGEGGGLTPDDKGYLVAWNKKHDIRTLWTTLDPSPNCR^ 

VDKDSKLTLVLTKCGSQII^IWSIXVVKGRFQNU 

GILKDSShnj>KNYWryRNONSn-AEQYKNAVGFMPNlAAYPKSTTTOS 

^r^K}^fIYlJ)SQAYNPv^ala^1^E^ 

1.9: Serotype 27 fiber protein 

IPfinPPFVSSIXjFKNFPPGVl^lJaj\DPriTIT«JDVS 

DPKTPIXJVASDNKLEI^YNAPFKVENDKLSIJDVGHGLKVIGNEVS^ 

VLTOKGICTEELKEQNSDIOIGVGINVR^ 

TTPiyrePNCKMLTKKDSKLTLTLT^^ 

IIlJ^RNGVIitfQESSLDKEYWKTT^NNVIGTPY^ 

DAK>rySRSKIISNVYLKGLryQPVIIIASFNQErTWGCVYSISFDFTCSKDYTG 

DVTSF 

1.10: Serotype 28 fiber protein 

SraCPSAFITFMIJXlMKRARPSEDTF7*IPVYPYGYAIW 

NFPPGVI^UaADPmANGDVSLiaGGGLTVEKESGNLTVNPKAPLQVASGQLE 

LAYYSPTOVKNNMLTLKAGHGLAVVTC^^ 



37 



EP 0978 566 A2 



Figure 7 cont. 

dkeywnfrnnWsgkyenavpfmp^ 
ynpvvtk1sfnqe^q^wcws^sfdytcskeytgmqfdvtsf1tsy1aqb. 

ojipFL^^D^^ 

SVNPKAllX>VCnT>KKlJLAJLAP^ 

LVVLTCKOIGNEEIJCNDIX^ 

R^WTTLDPSPNCKIDIEKDS KLTXVLTKCGSQILA>rVSLJrWGKITCnJ^nCTDPS 

IMCSFTOIOIIWJWVLL^ 
ATTDQSKIYAWmYGMYUJNQPYNPVVI^^ 

NDPFDSTSFTS 

NJTTCVLSlja^PIAITNGDVSL^ 

na^ALAHTOVimNiajaLVGIXHJC^ 

NDIXBMTOVGIjCVIUCIEGGGLTX^ 

DIEKDSiaTLVLTKCGSQnJ^ 

VU^SWEKQYLNraSGDSnJWYKNAIGIW^ 

GWYlX)NQPYNPVVIKrnWIEADSAYSrrFNYSVnTCDYDm^ 



scscpsAPTiFivauS^^ 

OTWVlSUaADITnANGNVSLKV<KK3LTlJEQDSOKLrVW 

LSYADPFEI^Ajm^UCVGHGLKVLDEKNAGGLKDUGTLVVLTGKGIGVEajC 

NADhnmGVGINVRUiiaXKJI^FDKKGDLVAWNKHDDRRTLWTTPDP^ 

DEEW>SKLTLVLTKCGSQILANVSLLVVKGira^ 
GVlAIDSSSLKKBYWYTlNDNSTVSQAYDNAVPIWMKAYPKlTrD^ 

HBAAKRYWSNVYIGGUTOTVVmKLNAEra^ 

SSSFTFSYIAQE. 

NFPPGVI^LIOJUJPrTrn^GBVSIJCVGGGLTLQEGSLTVNPKAPLQ 

VYDDPFEVSTNKl^LKVGHGLKVLDDKSAGGLQDUGKLVVLTGKGIGIENLQN 

DDGSSRGVGINVR1X}TDGGI^FDRKGELVAWT4R1CDDRRTLW^PDPSPNCKAE 

TEKDSiaTLV^TKCGSQnj^l^SnVLKOKYEFVKKErEPKSFDVKlJJ^KGVLL 

PTSm^KEYWNYRSYDWlGTPYENAVPPMPNUCAYPKP^ 

KhnGVSNFYFGGQAYQPGTIIlKfWEEIDETCAYSITFWGW 

TFSY1AQE. 

1.15: Serotype 34 fiber protein 
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Figure 7 cont. 

SCSCPSAfllFMLI^MnuiUSEDTFNPVYro 

SIWVLTLKCLTPLTTITXISI^LKVGGGLTW 
ELTIGNOLETTJHWajCAia^NGL^ 

TT^iaTl.VLVKNGGLVNGWSLVOVSmWQMITtJKTANIQIJU.YFDSSG^ 
LTDESDLKII^Kh«SSTATSErVASSKAFMPSTrAYPFrmTRDSEhrra 
TSYDRSLFPLWSIMLNSRMISSWAYAIQFEWNUSASESPEKQHMTLTO 
DEDDN. 

1.16: Serot ype 35 fiber protein 

SCSCPSAPTIFMLU»lKRARFSEDTFra»VYPYE^ 

SPIX3VLTIJKCLTPLTITCKiSLQlJW^ 
ELSIGNGLETQN>nKljCAKLGNGUtFWGm 

TOIX}iaTl.VLVKhKX}LVNGYVSLVaVSiyrVNQMFn30ANIQLRLYFDSSG^ 

LTEESDLKII^KraCSSTATSETVASSKAFMPSTTAYPFhnTrRDSEhnnDHGICYYM 

TSYDIWlJTLMSIMLNSRMSShrVAYAIQFIiWNl^^ 

TEDDN. 

1.17 Serot ype 36 fiber protein 

SCSCPSAPTIFMIAQMKItAItPSEDT^^ 

NlWOV15LIO^PIAIVNCH)VSLKVGG^ 

lATDKPFKJENhnOAlJJVGHGLKVmiCnSDLQGLVGKLVVLTC 

NDKVIGSAVNVlUXiKDGGIJJFNKKGDLVAWhniYDDRinLWTTPDPSPNCKVS 
EAKDSiaTLVLTXCOSQIlJVSVAIIJV^^ 

IQJJ)KSSU)KBYWNFRSNDSWOTAYDNAVPFMPNIJCAYPK>riTre 

SAGKKNiyShTVTIJGRVYQPVALTVKFNSENDCAYSITFDFVWSKTYESI^AFP 
SSSFTFSYIAQE. 

1.18 Seroty pe 37 fiber protein 

SCSCKAPTIFMLUJMKIUIU^EDTFWVYPYGYAi^ 

^PGVTilJajU>PnTmODVSLKVCX3GLTI^ 

AYDWFESSANKl^LKVGHGLKVlJDEKSAAGLia)UGKLVVLTGKGIGTENLEN 

TDGSSRGIGINVRAREOLTH)MX3YLVAWNPKYDLRTL 

DSKLTLVLTKCGSQILAWVSLIVVAGKYHIINN^^ 

NS^GKAY r \VWRSGNSNVSTAYEKAIGFMPNLVAVSKPSNSJCKYARDIVYGNIY 
IXXJKPDQPG VIKTTFNQfcTOCE YSITFNFS WS KTYENVEFETTSFTFS YIAQE. 

1. 19 Serot ype 38 fiber protein 

SCSCPSAFnFMLLQMKRARPSEDTfWVYP YGY ARNQNIPFXTPPFVXSDGFQ 

NFPromUO^PnTANGWSIJCVGOGLTliQDSGKIJW 

I^YADPFETSAMO^IJCVGHGLKVIJDEKNAGGLKDUGTLVVLTGKGIGVEELK 

NADrm«GVG0 1 ArRlX}KIX3GLSroKKGDXVAWNKHDDlWTLWrTO 

DEERDSKLTLVLTKCGSQILAWSLLVVKOKFSNINNhrTN^ 

GVUilDSSSlJCKEYWNYRNDNSTVSQAYDNAVPI^tPND^ 

KKSAAi«YlVShfVYlGGliT»iaVVTnKlJ^AEr^ 
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Figure 7 cont. 

^mTGKGIGTGRAESGGTIDVPJjaSC^^ 

DyWdOI^GVTAKDSSLDI^^ 

YPKH»n»PTNITn»LEKSQAKire^^ 

FDFAWNKTYENVQC. 

^POVl5lJCl^NPlArmCH)VSLKVCKX3LTlQD^ 
LATOAPLYEIG^KIJUjerGHGLAVLTKDIGIPE^^ 
IDVRI^DIX3Gl^FBKKaDLVAWNKKM5RRT^^ 
LTKCGSQILASreU.VVXGTYTrTO^ 

imSDNSVVOTYDNAVPIWNTrAYPiamSTroPBNiaCSSAKlCIW 
NAGQPVAVMSFNKETTADYSnTOFAWSKAYEITVPFinSSNnPSYIAQE 

VNPKAPLQVAKGGLHJ^YDSPTOVKNNMLT^^ 

TLVVLTGKOKnTjrSAHCKmDVIUaKNC^ 

TPDTSPNOCMSEAKDSia.TlJLTKCGSQ^ 

TLLFDANGVLLAGSSXXKEYWOTISNDSTVSGNY^^ 

YARSVITCmrHDAKPYWVVlKISFNQF^W^ 

TLS 

VNAKSPLQVATNKQlJiIALAKPFEEKIX3KLAlJUGHG 

VrLTGKGTOTGSAESGGTroVRLGSGGGL^FDKIXlNLVAW^DDRRTLWTTPD 
PSPNCKIDQDKDSIXTFVLTKCXjSQILANMSLLVW 
pTTKIJ_H)I^GVLLXDSSLDKEY^ 
TPPTNPTn'LEKSQAlCNKYVSNVYLGGQAGOT^ 

WNXTYENVQFDSSF 

VWKAPLQVTTDKQLEIALAYPFEVSNGKLGIKAGHGlJCVlDKIAGIiGLAGTLV 

VLTCKGIGTHNU^SDGSSRGVOINVR^ 
LWTIPDKIWCTIDQEWBKLTLVLTK^ 

DKKTmaiiWKGVlJvlDSSTLKKEYWN YRNDNSTVSQAYDNAVPFMPNIKAY 

WAKTFEDVQCDSSSFT 

1.25: Serotype 46 fiber protein 
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Figure 7 cont. 

NlPFLTPPFVSSIX>FKNFPPGVI^lJa-ADPlArW 
AKAHXJVANDNIOJILSYADITOVICDITCLQIJCV^ 

VVL TOKGIG ItjELKDKDDgIXWGVGIN>lUGKh^IAFDKIXiNLVAWDNENDR 
RTLWTTPt)TSSia^KISTEKDSiaTLVLTC^ 

QKSIKVSl^FDSKGIXMTTSSIDKGYWNYRNKNSVVGTAYENAIPFMPNLVAYP 

RWITDSKnTAI^KIVGhrVYLAGLAYQnvrrVSFNQEKDASCAYSITFEPAWNKD 
YVGQFDTTSFT 

1-26 Se rotype 47 fiber protein 

SCPSAl*riMVfLIX}MKIL\RPSEDTFNPVYPYGYAR^ 

PPGVl^LKLADPITri7>KjDVSlJCVGGGLTli3EGTONLTVNAKAPLQ 

UYDNPFEVSAWCLSlJCVGHGLKVlJDEKNSGGIjQEIJGia-VILTGKGlGVEELKN 

ADNThAGVGINVRLGKDGGLSn>KKGELVAWNKHra3TRTLWTTPDPSPNCKIB 

QDKDSKLTLVLTKCGSQn^TMAFQVVKOTYEmSKJNTTAKKSFSrKlJ^roDNGKL 

L£GSSU>lQ)YWNIlU^OSIMPNQYDNAVPFMPh(LKAYPhn > ICrSTVLPSTDKK^ 

G»OWSNLYLEGKAYQI>VAVTnTWBTGCTYSITFEKJWAIC^ 
TFSYIAQR 

1 .27: Serotype 48 fiber protein 
SDD^TIOTVSSlX;FQNnTCVI3Ua^ 

VNAKSPIXJVATWCQl^IAlJUCPFEEKDGKLAIJaGHEl^VVDE^ 

VXLTGKaiOTGRAESO<TnDVTUX3SGCKjIJFDKIX3NLVAWNKDDDRRTLWTTPD 

PSWCKIDQDKI)SKLTFVLTKCGSQIIANMSliVVKGKFSMIhWKVNGTDDYT^ 
FITKIXPDEKG\^JLXDSSIJ3KFlWYRS>^^ 

TPITNPTn>l£KSQA»JKYVSNVYUKKJAGNPV 
WNKTYKMAFIPRFNF 

1.28: Serot ype 49 fiber protein 
SCSCPSAFTII^LQMKRAJraEDTinvrV^ 

NFPPGVI^Ijaj^PIAITNGNVSLKVGGaLTVEQDSG^KVNPKAPI^VATD 
LEISD^PFEVK>0(KLSLKVGHGlJCVIDEMSTLQGliGNLVVXTGMGIGTEELK 
fffiD^GSAVNVRLGQDGGLTFDKKGDLVAWNKENDRRTLWTTPDPSPNCKVS 
EEKI>SiaTLVLTKCGSQll^VSIXVVKGKFAM>^^ 

NCHClXTGssux}^^nv^^I^a«DSVIGSPYENAVPFMm 

KKAAKKTnrnmiXiGDAAKPVATnSFN^ 
PFDSSSLTFSYIAQE. 

1.29.: Serotype SI Fiber protein 
SCSCPSAPTn^LQMKJURPSEDTI^VYPYED 
SPDGVLTU^mTTTGCIljQLKVGOGUVDOTD^^ 
ELSIGNGLETXJNNiaXAKLGNGUO^GDI^^ 

T^KLTLVLVTOVGGLVNGYVSLVGVSDTVNQMFIXJKSATIQLRLYFDSSG^ 

TD&NUWUQtKSSTATSEAATSSKAFMPSTTAYPFmTTRDSENYWGlCYYMT 

SYDRSLVWJVBIMl^SRTOSNVAYAIQFEWNl^AKESPESNUTLTrSPFFFSYIIE 
DTTKCISLCYVSTCLFFN 
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PCH 




pN/Ad.AsdA Hex 

1 : AHexl: 5*- CCT GGT GCT GCC AAC AGC- 3" 

2: AHexfc OC GQATOC CAATTG GGA AAQ CGQ GCG OGC G- J 

3 : AHex3: 5'- CC GGATCC TGATCA AGA AGC AAG CAA CAT CAACAAC-3' 

4 : AHex4: 5 1 - GAG AAG GGC ATG GAG GCT G- 3* 
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Figure 10 

1.1: Serotype 34 hexon protein _^_„^„ 
LSRRAPG^VKMATPSMLPQWAYMmAGQDASEYl^PGLVQFARATDTYFNL 

G>naWWAFrHDVTTDRSQRLMLRFWVDREDm-YSYK\TlYTIJVVGDNllVL 

DMASTFFDIRGVLDROPSFKPYSGTAYNSLAPKGAPNASQWLDKOVTSTGLVDD 

GNIT)DGFJEAKKATYTFGNAPVKAEAErrKDGLPVGLEVSTEGPKPIYADKLYQP 

FJ>QVGDETWTDLIXjKTEEYGGRVLKPETKMKPCYGSFA 

EDDGTNNIEYDroNir^UlSQRSFJLKPKlVMYABNVDLECPimWVYKrc 

ASSF^mGWSNffNRPN Y IGFRDNF1GLMYYNSTGNMGVLAGQASQLNAV VDL 

ODR>n^YQLLDSLGDRTRYFSMWNQAVDSYDPDVRVIENHGVEDELPNYCF 

PUX3VOPRTDSYKHKPNGEX3STWT>r^PTGSSFXAKGWFAMEI^QA^WRS 

FLYSNVALYlJ^SYKYTraNVTLPENKKTYDYMNGRVVPPSLVinTVMGARWS 

LDANIDNVNPFNHHRNAG1JIYRSM1XGNGRYVPFH1QVPQKJTAVKNLLLLPGS 

YTYEWNFRKDVNMVlQSSLGhn>LRVDGASISFTSn^YATFITMAHNTASTLEA 

MLRNDTNIK^FhroYIJSAANMLYPlPANATNin^ 

TPSUjSGFDPYFVYSGSD'UXnTYLNFnTKKVSIMFDSSVSWPGW 

KRTVIXjEGYNVAQCN\rrDWFLVQMLANYNlGY(^FYIPEGYKl)RMYSFFRW 

OPMSRQVVDEVWKDFKAVIPYQHhWSGFVGYMAPTMRQGQPYPANYPYPLIG 

TTAWSVTXJKKFLCDRTMWRIPFSSNFMSMGALTDLGQNMLYANSAHALDWTF 

EVDPMDEPTIXYLLFEVFDVVRVQPHRGIIEAVYLRTPFSAGNATT. 

1.2. Serotype 35 hexon protein mm .„ 

LSRRAPGFI^VKMATPSMlJ^WAYMHIAGQDASEYLSPGLVQFARATDIYn^ 

GNKFRhnH-VAPTHDVTTORSQRLMLRFATVDRro 

DMASTFFD1RGVLDRGPSFKPYSGTAYNSLAPKGAPNASQWLDKGVTSTCLVDD 

GrOBDGEEAlCKATYTFGNAPVKAEAEnTClXjLPVGIXVSTEGPKPIYADKLYQP 

EPOVGDTVVTDIXK3KTEEYGGRVLKPETKMKPCYGSFAKPTN1KGGQAKVKPKE 

DDGTN^^YDroMNITOLRSQRSELKPKIVMYAE^^VrDLECPDTHWYKrcVSDAS 

SCTNLGQQMPNRPNYIGFRDNHGLMYYNSTGNMGVLACKJASQLNAVVDLQDR 

NTEl^YQlXLSIXJDRTRYFSMWNQAVMYDPDNaiVIEr«GVEDEIJWYCTP^ 

VGPRTDSYKHPNGDQSTWTrfVDPTGSSEl^KGNPFAMEINLQANLWRSFLYSN 

VALY1JDSYKYTSNVTLPF24KOTYDYMNGRVVPPSLVDTYVMGARWSLDAMD 

NVNPF^rHHR^AGRYRS^^lXGNGRYVPFraQVPQKlTAVKmXlXrcSYTYEWN 

FRKDVrWVUJSSLDLRVDGASISFTSI^YAT^ 

QSFNDYl^AANMLYPlANATNlPlSlPSRJWAAreGWSFTRLKTKETPSLGSGFDP 
yWsGSffYLIXITFYUnTTCKVSIMF^ 

NVAQCmiTKDWI^VQlANYMGY(^FYIPEGYKDRh4YSFFRNFQPMSRQVVDE 
VNYKDFKAVAlPYQHNNGF^GYMAPTMROGQPYPAriYPYPlJGTTAVNSVTQK 
KFl£DRTMWRIPFSSNFMSALTDIXX2NMLYANSA 
LLFEVFDVVRVHQPHRGHEAVLRTPFSAGNATT. 

1.3 Serotype 36 hexon protein 
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Figure 10 cont. 

URRAPGn>LVKNIATPSNlUX2WAYMHIAGQDASEYI^PCn<VQFARATDTYF^ 
GNKFRNPTVAPITOVTTDRSQRLMUU'VPVDRED^ 

DMASTFTOIRGVlJ)RGPSnCPYSGTAYNSLAPKGAPNASQWLDKGVTSTGLVDD 

GNTMXjEEAKKAT YTPGN APVKAEAEnXDGLPVGLBVSTEGPKPIYADKLYQP 

EPQ VGDTWTDLDOKTEEY GGR VLKPETKMKPCYGSFAIU'TMKGGQ AKVKPKE 

DDCnwromMNFFDIJlSQRSELKPKIVMYAH^ 

SETNUjQQSMPNRPhfYTGFRDhffiGLMYYNSTGNMGVLAGQ 

RNTELSYQIJJ)SU}DRTRYFSMWNQAVDSYDPDVRVIENHGV^ 

GVGPRTDSYKIIG^GDQSTWTNVDPTGSSEI^KGWFAMHNLQAM-WRSFLYS 

NVALYLPDSYKYTPSmOIJ>ENKKIYDYMNGRVVPPSLVDTYV^ 

MDWWRWHRAGIJIYRSMLIXJNGRYVPPWQVPQKFFAVKNIXIXPGSYTYE 

WNFRKDVNMVLQSLGWUIVTDGASISFTSI^YATFFPMAHOTASTLEA 

T>TO05F>©Y1^AANN1LYPIPANATN1P1SIPSRNWAAFRGWSFTRLKTKJETPS 

GFDPYFVYSGSIPYDGTFYLNHTFKKVSIMFDSSVSWPGNDRIXSPNEFmiCRT^ 

GEGYNVAQCNWKWFLVQN1LANYNIGYQGFYIPEGYKDRMYSFFRNFQPMSR 

QVVDEVNYKDFJUVIYQHNNSGFVGYMAPTMRQGQPYPANYPYPLIGTTAVNS 

VTQK1G 3 1XI)RTMWRIPFSSNFMSMGALTDLGQNMLYANSAHA1J3MTFE\T)^ 

DEPTLLYLLFEVFDVVRVQPHRGIIEAVYLRTPFSAONATT. 

1.4: Serotype 41 hexon protein 

VCVHVAARGAAEPPRARFPLVKMATPSMMPQWAYMHIAGQDASEYLSPGLVQ 
FAR ATTTIYFSlG>nCFR>n^ APTHD VTTDRSQRLTLRFVP VD RJEDTTYS YKARFT 
lAGDNRVU5MASTYTOIRGVLDRGPSRCPYSGTAYNSIj\PKGAPNSSQWADKE 
RVNGGGNTKDVTKTTOVAANKXjEDITEKGLiGGTDTTANEPTFADKNro 
GEENQETFVFYGGR ALKKETKMKPCY GSFARPTNEKGGQ AKFIIGDNGQPTENH 
DITMAFDTPGGTriGGTCiGPQDEIJCADIVMYTCN^^ 

EINLVQSMPNRPNYIGFRDNFVGLMYYNSTGNMGVLAGQASQLNAVVDLQDRN 

TELS YQLLDSLGDRTR YFSMWNS A VDS YDPD VRHENHG VEDELPN YCFPLDGSG 

TNSAFQGKJKQNQDGDVWDV^KDBKVSTQNQICKGWYAMHNLQANLWKSF 

LYSNVALYU)SYKYTPANVTtJTT>nT*rYEYMNGRVVAPSLVDAYINIGARWSLD 

PMDNV^^PF>^HRNAGLRYRSNi&CWRfLRALPHPSAPKVIX:HQEPAPAPGlXHLR 

VELPQGRQHDADTRKR^ARRRR&ALRQRQPLCHILPHGAQHRlilPGSHAAQR 

HQRP VLQR1PLRQHALPHPGQGHQR A HLHPLAQLGRLS RLEFHP AQDQGNSFPR 

LGFRPIXClXGlJiPlJ , RRDIJJX3PHIX?EGLHHVRIXGQLARQRPAVTPNEra 
VIXJEGYWAQCOT^WI^VQMl^HYNIGYOGFHVPF^YKDRMYSFF 
SRQVVDElWKfiYAVTI^iHJHhWSGFTGYLAPTMRQGQPYPANFPV 
SVTQKKFl.CDRV^WRIPFSShnMSMGAXTDLGQNMLYANSAflALDrn'EVDPM 
DEPTLLYLLFEVFDV V VHQPHRGVIEA V YLRTPFSAGNATT 
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